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INTRODUCTION 


In their study of American sabethine mosquitoes, Lane and Cerqueira (1942) 
placed all the New World species of the tribe Sabethini without obvious specializa- 
tions in structure or coloration of the adult stage into the single genus Trichoproso- 
pon. Within this genus they recognized seven subgenera almost exclusively on the 
basis of features of the adults. The delimitation and internal classification of the ge- 
nus proposed by Lane and Cerqueira have been followed in large part by all subse- 
quent authors treating species of the group, and they are followed with only minor 
alterations in the recent world catalog of mosquitoes by Knight and Stone (1977: 
312-316). As the larvae and pupae of a greater number of species of Trichoprosopon 
have been discovered and examined carefully, it has become evident that these stages 
provide a wealth of excellent taxonomic characters, and equally obvious that the ex- 
isting classification for the genus is inadequate and artificial. Since Trichoprosopon 
appeared to be in need of restudy, and since it is the most generalized group of 
American Sabethini, it seemed appropriate that it be revised before the more special- 
ized or derived groups in the tribe, and thus I undertook a study of the genus. 

As a result of my study of Trichoprosopon, I believe the species presently includ- 
ed in the genus belong to four separate phyletic lines. Since it appears that some of 
these lines may be more closely related to mosquitoes presently placed in other gen- 
era than they are to each other, I choose at this time to recognize each of the four 
lines as a distinct genus. The present paper is the first in a series treating these gen- 
era. It includes an introduction to the study as a whole; an outline of my proposed 
reclassification of the group, with keys to the segregrate genera and subgenera and a 
list of the nominal species in each; and a revision of the smallest genus and the only 
one requiring a new name. 

I am indebted to many persons whose assistance and cooperation Hinde this study 
possible. I am especially grateful to John N. Belkin for encouragement throughout 
the duration of this study, for informative discussions on sabethine taxonomy, for 
reading and criticizing this manuscript, for notes on type specimens in Brazilian mu- 
seums, and for opening his home to me during my visits to Los Angeles. 

I also thank J. Hal Arnell, Sandra J. Heinemann and Peter F. Mattingly for stimu- 
lating discussions related to this study; Curtis W. Sabrosky and E. L. Peyton for help 
and consideration during my visit to the Smithsonian Institution; Sharon L. Belkin 
for drawings of type specimens deposited in South America; Sandra J. Heinemann 
and William A. Powder for preparation of much of the material studied; Nobuko 
Kitamura and L. Margaret Kowalczyk for preparation of the preliminary drawings 
and final illustrations; Thomas S. Acker for use of his microscope with phase con- 
trast and Normarski interference optics; Norma M. Washington for typing rough 
drafts of the manuscript; and Sandra J. Heinemann for preparing the text copy for 
lithoprinting. 

And I thank the following for generously loaning me mosquitoes in their care or 
for providing information about type specimens: John N. Belkin, Sandra J. Heine- 
mann and William A. Powder, University of California, Los Angeles; Curtis W. Sabro- 
sky, Systematic Entomology Laboratory, U. S. Department of Agriculture, Washing- 
ton, D. C.; Ronald A. Ward and E. L. Peyton, Medical Entomology Project, Smith- 
sonian Institution, Washington, D. C.; Peter F. Mattingly, British Museum (Natural 
History), London; Paul H. Arnaud, Jr., California Academy of Sciences, San Francis- 
co; Alfonso Diaz Najera, Instituto de Salubridad y Enfermedades Tropicales, Mexico 


Zavortink: Reclassification of Trichoprosopon 3 


City; Miguel Garcia, Instituto Nacional de Microbiologia, Buenos Aires; Pedro Galin- 
do, Gorgas Memorial Laboratory, Panama, R. P.; L. L. Pechuman, Cornell University; 
Pedro W. Wygodzinsky, American Museum of Natural History, New York; Oswaldo 
P. Forattini and Maria das Dores Cotrim, Faculdade de Saude Publica, Universidade 
de Sao Paulo; S. L. Tuxen, Universitetets Zoologiske Museum, Kobenhavn; R. Krau- 
se, Staatliches Museum fiir Tierkunde, Dresden; Oswaldo Cruz, Filho, Instituto Os- 
waldo Cruz, Rio de Janeiro; George W. Byers, University of Kansas; Ferenc Mihalyi, 
Természettudomanyi Mazeum Allattara, Budapest; Charles L. Hogue, Los Angeles 
County Museum of Natural History; and D. C. Geijskes, Stichting Surinaams Muse- 
um, Paramaribo. 


MATERIAL AND METHODS 


The majority of the specimens examined during this study were borrowed from 
the University of California at Los Angeles [UCLA], and were collected for the pro- 
ject “Mosquitoes of Middle America’”’ (Belkin, Schick et al. 1965). Additional speci- 
mens were borrowed from or studied at the United States National Museum of Natu- 
ral History [USNM], including the primary types of cerqueirai, culicivora, dicella- 
phora, homotina, lampropus, leucopus, mogilasia, moralesi, rapax, schedocyclia, 
shropshirei, townsendi, trichopus, trichorryes, ulopus, vonplesseni and wilsoni; the 
British Museum (Natural History) [BM], including the primary types of espini, fluvi- 
atilis, frontosa, lunata, nivipes, pallidiventer and perturbans; the California Academy 
of Sciences [CAS] ; the Medical Entomology Project [MEP] ; the Instituto de Salubri- 
dad y Enfermedades Tropicales [ISET] ; the Instituto Nacional de Microbiologia 
[INM]; the Gorgas Memorial Laboratory [GML] ; Cornell University [CU] ; the Los 
Angeles County Museum of Natural History [LACM]; the American Museum of Nat- 
ural History [AMNH]; the Faculdade de Saude Publica, Universidade de Sao Paulo 
[FH] ; the Instituto Oswaldo Cruz [IOC] ; the Stichting Surinaams Museum [SSM] ; 
the Universitetets Zoologiske Museum [ZMC], in particular the holotype of longipes; 
and the Staatliches Museum fiir Tierkunde [SMT], in particular the holotype of sub- 
splendens. 

The taxonomic procedures used in this study are the classical comparative mor- 
phological ones that I outlined elsewhere (Zavortink 1974). The form of presenta- 
tion, terminology and abbreviations used in the descriptions follow Belkin (1962a) 
for the most part; terminology for the legs, however, is from Schick (1970). The ex- 
tent of the light tarsal markings is measured from the apex of the segments, so ‘‘Tar- 
sus 4-III white scaled in apical 0.1-0.4” means the white scales of hind tarsal segment 
4 are found in a narrow to broad band in the apical 0.1 to apical 0.4 of the segment. 
In the original citations, an asterisk marks those taxa for which the type specimen 
has been seen. Only the most important literature relative to the genus being treated 
is listed following the generic citation or synonymy, but all references seen are cited 
under each species. Descriptions of species and drawings are based on topotypic ma- 
terial whenever possible. The descriptions are usually composite, that is, based on 
more than one specimen. Drawings were usually prepared from a single specimen 
and then corrected to show the modal condition of several specimens for the taxo- 
nomically important features. Besides the usual illustrations of the fourth instar lar- 
va, pupa and whole genitalia of each species and an adult representative of each 
group, several other drawings are included. For each species these are the larval man- 
dible, or maxilla, or both; claws of the adult male; lateral aspect of the basal mesal 
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lobe and proctiger of the male genitalia; and dorsal and ventral aspects of the aedea- 
gus or phallosome. In addition, for some species younger instar larvae or notable ex- 
tremes in variation in any stage or structure are illustrated. On the distribution maps, 
solid symbols indicate localities from which I have examined specimens and hatched 
symbols indicate reliable literature records. The Official Standard Names Gazetteers 
of the United States Board on Geographic Names have been used in compiling the 
distribution lists. 

Collection data of collections made expressly for the project ““Mosquitoes of Mid- 
dle America”’ are being published in a series of papers. For general information the 
first publication of this series should be consulted (Belkin and Heinemann 1973). 
For more information on collections cited in this paper, the following publications 
of the series should be consulted: for Costa Rica, Heinemann and Belkin 1977a; for 
Guatemala, Honduras and Nicaragua, Heinemann and Belkin 1977b; for Mexico, Hei- 
nemann and Belkin 1977c; for Panama and the Canal Zone, Heinemann and Belkin 
1978a; for Venezuela and the Guianas, Heinemann and Belkin 1978b; and for Co- 
lombia, Heinemann and Belkin 1978c. 

Throughout the text, the word “larva’’ refers to the fourth instar larva unless pre- 
ceded by an adjective indicating otherwise and the word “‘trichoprosopon”’ is used 
for convenience to refer to all the species included in this study, i.e. the ones includ- 
ed in the single genus 7Jrichoprosopon by Lane and Cerqueira (1942:484-529). 


SYSTEMATICS 


TAXONOMIC HISTORY. The previously described nominal species included in 
the genus 7richoprosopon by Lane and Cerqueira (1942:484-529) have had a long 
and varied history of generic placement. This is due in part to the large number of 
independent workers in the early twentieth century, in part to changing generic con- 
cepts and in part to strictly nomenclatural matters. Three species that came to re- 
side in Trichoprosopon were described in the nineteenth century: longipes Fabricius 
1805 and digitatus Rondani 1848 in the genus Culex and perturbans Williston 1896 
in Aedes. 

The period of greatest descriptive activity was the first decade of the twentieth 
century, with Theobald describing five species of trichoprosopons, Lutz four, and 
Dyar and Knab nine. Three of Theobald’s species were the types of new genera pro- 
posed by him. These combinations were: Trichoprosopon nivipes Theobald 1901, 
Goeldia fluviatilis Theobald 1903 and Runchomyia frontosa Theobald 1903. His 
other two species were Wyeomyia lunata Theobald 1901 and Phoniomyia magna 
Theobald 1905. One of Lutz’s species, pallidiventer Lutz 1904, was the type of his 
new genus Hyloconops; his other three species were Trichoprosopon splendens Lutz 
1904, Trichoprosopon compressum Lutz 1905 and Hyloconops longipalpis Lutz 
1905. Most of Dyar and Knab’s species were described in the genus Lesticocampa: 
leucopus, rapax, ulopus and vonplesseni in 1906; culicivora in 1907; and schedocyc- 
lia in 1908. When Dyar and Knab proposed the genus Lesticocampa in 1906, they 
stated the type species was Wyeomyia lunata Theobald 1901; but the species before 
them was actually rapax (see Dyar and Knab 1906a:137 and Howard, Dyar and 
Knab 1915:165, 166). Other species described by these authors were Phoniomyia 
homotina Dyar & Knab 1906, Joblotia mogilasia Dyar & Knab 1907 and J. trichor- 
ryes Dyar & Knab 1907. The genus Joblotia Blanchard 1901 had been proposed as 
a replacement for Theobald’s Trichoprosopon, which was erroneously thought to be 


Zavortink: Reclassification of Trichoprosopon 5 


preoccupied. Several other generic names applied to species of Trichoprosopon were 
published during this period; Rhynchomyia Lutz 1904 as an unjustified emendation 
of Runchomyia Theobald 1903; Binotia Blanchard 1904 as a replacement for Runch- 
omyia Theobald 1903, which Blanchard also believed was preoccupied; and /sosto- 
myia Coquillett 1906. This latter name is of particular interest, for it is also based 
on a misidentified type species. Coquillett stated the type to be Aedes perturbans 
Williston 1896, but the specimens before him were actually Culex conservator Dyar 
& Knab 1906 (see Dyar and Knab 1906b:221-222; Howard, Dyar and Knab 1915: 
187, 219-220, 310; and Edwards 1930:301; 1932:217). An important synonymy 
established during this decade was that of Trichoprosopon nivipes with Culex digita- 
tus by Dyar and Knab (1907:206, 207). 

During the decade from 1910 to 1919, several additional specific names and one 
generic name were proposed. The names were: Lynchiaria paranensis Brethes 1910, 
Lesticocampa dicellaphora Howard, Dyar & Knab 1913, L. lampropus Howard, Dyar 
& Knab 1913, L. espini Martini 1914, Trichoprosopon wilsoni Ludlow 1918, L. trich- 
opus Dyar 1919 and L. moralesi Dyar & Knab 1919. In the third volume of their 
classical study of mosquitoes, Howard, Dyar and Knab (1915) placed the Central 
American species of this group known to them in three genera, Wyeomyia, Lestico- 
campa and Joblotia. Although they were unacquainted with the West Indian /sosto- 
myia perturbans (Williston), they believed it probable that /sostomyia was a syno- 
nym of Lesticocampa. Fabricius’s longipes was first associated with this group of 
mosquitoes in this work (as Lesticocampa longipes). 

In the decade of the twenties, only a single species, 7richoprosopon shropshirei 
Ludlow 1920, was described. However, changes in the classification of this group ap- 
peared in several works during this time. Bonne-Wepster and Bonne (1921:12-18) es- 
tablished the synonymy of Jsostomyia, Binotia, Runchomyia, Hyloconops and Lesti- 
cocampa with Goeldia Theobald 1903. The following year Dyar (1922:99) synony- 
mized Lynchiaria with this genus. In their reclassification of American Culicidae, 
Dyar and Shannon (1924:482-483) placed all the trichoprosopons known to them in 
three genera, /sostomyia, Goeldia and Joblotia. Isostomyia included the species with 
short palpi in both sexes, Joblotia the species with hairs [setae] on the clypeus, and 
Goeldia the unspecialized species. Finally, in his ““Mosquitoes of the Americas,” 
Dyar (1928:90-109) treated every previously described nominal species of this group 
in the same three genera, /sostomyia, Goeldia and Joblotia. 

In the 1930’s several names were proposed for South American taxa. These 
were: Joblotia splendens var. subsplendens Martini 1931, Goeldia leucopus var. hy- 
perleuca Martini 1931, Isostomyia brevipes Lima 1931, Goeldia (Isogoeldia) lueder- 
waldti Lane 1936 and Goeldia lanei Antunes 1937. Several additional changes were 
made in the supraspecific classification. Edwards (1930:301) proposed Ctenogoeldia 
as a subgenus of Goeldia, with Lesticocampa dicellaphora as the type species. Ed- 
wards did not accept the usage of Isostomyia for a sabethine, and proposed Jsogoel- 
dia with Aedes perturbans as the type for the remaining species with short palpi in 
both sexes. He also treated Jsogoeldia as a subgenus of Goeldia. In his world catalog 
of mosquitoes, Edwards (1932:70-73) placed the species with hairs [setae] on the 
clypeus in Trichoprosopon, and all remaining species in Goeldia. Within the latter 
genus, he recognized three subgenera, Ctenogoeldia for the species with short palpi 
in both sexes and silver scales on the scutellum, Jsogoeldia for the less ornamented 
species with short palpi in both sexes, and Goeldia. He (Edwards 1932:71) consid- 
ered it possible that the subgenus Goeldia should be further divided into additional 
subgenera. In his catalog of neotropical Culicidae, Lane (1939: 158-166) adopted 
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Edwards’ classification of Trichoprosopon and Goeldia. 

In their reclassification of American Sabethini, Lane and Cerqueira (1942:484- 
529) united the genera Trichoprosopon and Goeldia, and recognized seven subgenera 
within the resulting composite genus. These were: Trichoprosopon, for the species 
with hairs [setae] on the clypeus; Limamyia, a monotypic subgenus based on Jsosto- 
myia brevipes; Vonplessenia, another monotypic subgenus, based on Lesticocampa 
vonplesseni; Ctenogoeldia, for the species with silver scales on the scutellum; /sogoel- 
dia, for the dull species with short male palpi; Shannoniana, for fluviatilis, the type, 
and related species, with this name to be used in place of Goeldia, which was now 
known to be preoccupied; and Hyloconops, for the remaining species. Lane and Cer- 
queira also described 10 new species in 1942, obscurum and soaresi in Trichoproso- 
pon sensu stricto; walcotti in the subgenus Ctenogoeldia; and castroi, edwardsianus, 
evansae, humboldti, reversus, similis and theobaldi in the subgenus Hyloconops. 
Stone (1944:335-341) used the name Runchomyia in place of Hyloconops and de- 
scribed two additional taxa, Trichoprosopon (Runchomyia) cerqueirai and T. (T.) di- 
gitatum var. townsendi. 

The year 1953 was the last in which studies significant to the history of Trichopro- 
sopon appeared. Levi-Castillo (1953:63-70) described two new species from Ecua- 
dor, andinus in the nominate subgenus and cotopaxensis in the subgenus Hyloconops. 
Lane (1953:813-861), in his ““Neotropical Culicidae,” followed his earlier work with 
Cerqueira in the treatment of Trichoprosopon, except that Rhunchomyia (sic) was 
used in place of Hyloconops and the taxonomic changes suggested by Stone (1944) 
were incorporated. Unfortunately, some errors were introduced into Lane’s 1953 
treatment of Trichoprosopon in English from the original 1942 reclassification by 
Lane and Cerqueira in Portuguese. Included among these are the reversing of the spe- 
cies names on the drawings of the male genitalia of humboldti and lunatum. 

In their synoptic catalog of mosquitoes, Stone, Knight and Starcke (1959:73-77) 
followed Lane’s 1953 treatment of Trichoprosopon, except that Isostomyia was used 
in place of [sogoeldia. 

Neither the generic limits nor the internal classification of Trichoprosopon pro- 
posed by Lane and Cerqueira (1942:484-529) have been challenged before, and these 
authors’ treatment of Trichoprosopon is followed in the new world catalog of mos- 
quitoes by Knight and Stone (1977:312-316) except for a single change in subgeneric 
placement made by Belkin (1968b:34, 35). However, the stage for major changes in 
sabethine taxonomy was set by Belkin (1962a:486) when he pointed out that “The 
internal classification of the tribe is in a chaotic condition. It has been based almost 
entirely on very superficial external adult characters and, to a lesser extent, on male 
genitalia. Larval and pupal characters have been neglected almost entirely; it is be- 
coming increasingly evident, however, that they will be of greatest value in arriving at 
a natural classification of the group.”’ Later, writing specifically about 7richoproso- 
pon, Belkin (1968b:34, 35) stated that the subgeneric classification of Lane and Cer- 
queira was “artificial and unsatisfactory” because these authors “‘completely disregar- 
ded excellent characters in the immature stages.’’ Because he had not studied the en- 
tire genus thoroughly, Belkin made only one subgeneric change at that time, the 
transfer of pallidiventer from the subgenus Runchomyia to Trichoprosopon sensu 
stricto. 

The American trichoprosopons have always been considered to be generically dis- 
tinct from the generalized Old World sabethines now placed in the genera 77ipteroti- 
des and Maorigoeldia. However, according to Lee (1946:223-224), Trichoprosopon 
and Tripteroides are very close and there is little to separate them. He points out 
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that the range of variation of adult and male genitalic characters in Tripteroides falls 
within the broader range of variation of Trichoprosopon. Furthermore, he notes that 
there is parallel development in larval features in both groups. Lee argues for separa- 
ting the genera, though, on the basis of the presence of a pectin in the larva of Trip- 
teroides and its absence in Trichoprosopon, and on the basis of the allopatric distri- 
butions of the groups. Belkin (1962a:495-496) apparently disagreed with Lee’s as- 
sessment of variation in these genera, for he considered Tripteroides and Trichopro- 
sopon to be amply distinct in all stages. 

TAXONOMIC CHARACTERS. The trichoprosopons are a very difficult group 
taxonomically. The species in a particular complex are often distinguished by char- 
acteristics so minor they would not be considered significant in other genera. This is 
true not only in the case of the adults, but frequently also in the case of the male 
genitalia and immatures. Another factor contributing to the difficulty of the group 
is that in some instances species easily distinguished in one stage are indistinguishable 
in another. Because the differences between the species may be so subtle or may be 
limited to only some stages, accurate identification requires excellent quality mater- 
ial consisting of adults of both sexes with associated larval and pupal exuviae. 

Adult characters. Most taxonomic characteristics are found in the distribution of 
setae on various parts of the body, particularly the sclerites of the pleuron; various 
details of the scales, especially on the thorax; and the markings of the legs and abdo- 
men. Important setal characters are: presence or absence of setae on clypeus and 
ppn; number of setae on coxa I; position of setae on stp and mep; presence or ab- 
sence of setae on psp, and their number and strength when present; and presence or 
absence of setae on upper calypter of wing, and details of their distribution when 
present. Setae are sometimes developed in unexpected places; one undescribed spe- 
cies of Shannoniana has long, hooked setae on the abdominal sternites. Important 
characteristics related to the scales include: size, shape, color, and strength and color 
of iridescence of scales on dorsum of head and thorax; and distribution, color, 
strength and color of iridescence, density, and direction of imbrication of scales on 
pleuron. Some of the pleural scale characteristics are very difficult to use, either be- 
cause they require excellent optics to be seen, as in the case of the direction of imbri- 
cation, or because the differences are comparative or relative and difficult to describe 
objectively, as in the case of subtle differences in color and density. The markings of 
the legs, particularly the distribution of light scales on the tibiae and tarsi, are ex- 
tremely important, but do present some problems. These light markings may be con- 
spicuous and clearly demarked, or they may be rather inconspicuous and poorly set 
off, or visible at only some angles of observation or present on only one surface of 
the leg. Also, the development of the light tarsal markings may be extremely variable 
in some species. Markings of the abdomen include: shape of light patches on tergites 
and presence or absence of dark scales on sternites, and intensity of pigmentation 
and distribution of these dark scales when present. The sternal markings are often 
difficult to use because the sternites may be completely hidden by the tergites, or be- 
cause the markings themselves may be weakly developed and poorly demarked or vis- 
ible at only some angles of observation. 

Other features that may be important in distinguishing species include: length of 
palpus in both sexes; length of proboscis; length of thorax, for it is shortened or 
lengthened in some species; intensity of pigmentation of scutal integument and parts 
of pleural integument; relative lengths of particular leg segments; and development of 
outstanding scales on legs. Additional characteristics of the male include: plumosity 
of flagellum and size, shape and dentition of claws of legs I and II. 
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Male genitalic characters. There are many excellent characters in the male genita- 
lia, especially in minute details of tergite IX and the aedeagus. Both whole mounts 
and carefully made dissections must be studied in order to see all the important char- 
acteristics. Except in Shannoniana, where the male genitalia of many species are vir- 
tually identical, most species can be separated on the basis of the genitalia. 

Briefly, characters I have found to be of value are as follows: for tergite VIII: pre- 
sence or absence of strong setae; for tergite IX: development of basal apodeme, num- 
ber, size, and shape of lobes, shape of separation between lobes, number and curva- 
ture of rows of setae on lobes, and number, length, strength, and shape of setae; for 
the sidepiece: length, shape, distribution and development of setae, and presence or 
absence of spicules on tergal surface; for the basal mesal lobe: distinctness and shape 
of lobe, and number, length, strength and curvature of its setae; for the clasper: 
length, strength, shape, and length, shape and dentition of spiniform; for the aedea- 
gus: size, shape, details of tergal arms, and development of a beak, crest, flanges, 
teeth or spicules apically; and for the paraproct: number, size and shape of teeth, 
and number and distribution of cercal setae. 

I think it is worth mentioning here that I believe the various components of the 
phallosome of the culicids have been misinterpreted and confused, and should be 
carefully restudied in all major groups of the family. Not only would a better under- 
standing of the structure and functioning of the genital apparatus result from such a 
study, but probably also a better understanding of the relationships of the higher 
taxa. Briefly, I am of the opinion that the “‘aedeagus” of most sabethines and of 
some other mosquitoes, as for example the aedines I studied previously (Zavortink 
1972), is homologous to the opisthophallus of Maorigoeldia argyropus (Walker 1848) 
(Belkin 1962a:492, 493; 1968a:8, 9, 107, 108), and not the aedeagus of that primi- 
tive mosquito. It is probably only the “‘sternal plates” of the ‘“‘aedeagus’’ of some 
sabethines that are derived from the true aedeagus. Since my opinions on genitalic 
homologies are based, admittedly, on limited casual observations, I choose to contin- 
ue using the existing terminology until such time as a careful comparative study can 
be completed. 

Pupal characters. There are many excellent taxonomic characters in the pupae 
and, with only a few exceptions, the pupa of every species is distinctive. In fact, in 
Shannoniana and Runchomyia sensu stricto, pupae of related species may be remark- 
ably different. There are too many characters relating to chaetotaxy to be men- 
tioned here; it must suffice to say that the strength, length, number of branches, and 
position of many of the dorsal setae are important in distinguishing species or groups. 
Other important characters are: pigmentation of integument; presence or absence of 
dorsal sensillum; shape and pigmentation of trumpet; shape of tergite VIII; size of 
male genital lobe; and size, shape, serration, spiculation and development of midrib 
of paddle. 

In many of the species of this study, and in many other New World and Old World 
sabethines, seta 1-C of the pupa is long, double, sigmoidally curved and has the bran- 
ches hooked at the apex. This specialized seta is apparently used to anchor the pupa 
to objects below the surface of the water (Iyengar and Menon 1948:41, 42). At this 
time it is not known if this specialization has arisen repeatedly, or if it has evolved 
only once and therefore indicates a close relationship for those groups that possess it. 
Belkin (1962b:359) erroneously shows seta 1-C as unmodified in Malaya solomonis 
(Wharton 1947). 

I have not seen seta 14-ITI-VII in the-pupa or larva of any specimens examined dur- 
ing this study, and I think it can be safely concluded that it is not developed in these 
mosquitoes. 
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Larval characters. The number of excellent taxonomic characters in sabethine lar- 
vae is truly incredible. There are numerous structural features of the head capsule, 
mouthparts and terminal segments that are, I believe, of great phylogenetic signifi- 
cance. And, there are literally countless setal characters that are important in delimi- 
ting both species and groups. 

Setae on the thorax and siphon are sometimes very obviously specialized morpho- 
logically, but the biological significance of these specializations is largely unknown. 
Iyengar and Menon (1948:39-41) observed that the larva of Malaya genurostris Leice- 
ster 1908 (as Harpagomyia genurostris) attaches itself to the side of its habitat with 
specialized siphonal setae, and supports itself with these same setae and setae of the 
lateral prothoracic groups when it rests on its back at the bottom. It is unfortunate 
that so few observations have been made on living mosquitoes that the functional sig- 
nificance of almost all characters used in classifying the group is unknown. In order 
to erect a natural classification, it is essential that systematists be able to distinguish 
among similarities due to relationship, parallelism and convergence, and such distinc- 
tions can be made only when the functional significance of the characters in question 
is known. 

It will also be necessary to study the younger instar larvae of the sabethines before 
a natural classification of the tribe can be achieved. There are often remarkable shifts 
in position and changes in development of setae from one instar to the next in a par- 
ticular species. It is clear in groups like Shannoniana, where the fourth instar larvae 
of most species differ conspicuously in many setal characteristics, that many of the 
specific differences of the mature larvae result from only differing degrees of neoteny 
in the various species. In groups like this, major changes in larval morphology may 
evolve very quickly in response to relatively few changes in genes controlling develop- 
ment, so that the amount of morphological divergence in the fourth instar larvae is 
not an accurate reflection of overall genetic divergence. 

In at least Johnbelkinia ulopus there is a remarkable change in the development of 
the maxilla from one instar to the next. In the second instar larva (fig. 7), the maxil- 
la is much longer than the head and has no apical spines; in the third instar (fig. 6), it 
is shorter than the head and has both a rigid and an articulated apical spine. 

Structural features of the head capsule that are important taxonomically are: de- 
velopment of the foramen magnum, which may be circular and bounded by a distinct 
collar or slitlike and without a collar, and course of the maxillary suture, which may 
be straight or curved, and which may or may not extend to posterior tentorial pit. 
The phylogenetic significance of the development of the foramen magnum is un- 
known; the slitlike character state was first noticed only recently (Belkin, Heinemann 
and Page 1970:19) and its distribution in the family is unknown. I have observed 
that the slitlike foramen magnum occurs also in some Old World sabethines and in 
Aedeomyia squamipennis (Lynch Arribalzaga 1878). Structural features of the 
mouthparts that are important are: modification of mandible for grasping; modifica- 
tion of maxilla for grasping; form of maxillary palpus; and articulation of maxilla 
with head capsule. The modifications of the maxilla seem to be particularly numer- 
ous and significant. In some sabethines the maxilla is more or less normal, whereas 
in others it is variously modified, either extremely elongate or with strong apical 
spines, apparently for grasping. In some groups the maxillary palpus is an elongate, 
cylindrical structure completely free from the body of the maxilla; in others the pal- 
pus is partly to nearly completely adnate to the body of the maxilla. In Shannoniana 
there is a very strong articulation between the maxilla and head capsule far ventrad 
of the palpus that is not developed in the other groups studied. 
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Important structural features of the terminal segments include: presence or ab- 
sence of comb scales, and their shape, number and arrangement when present; shape, 
length and spiculation of siphon; development of accessory midventral setae on si- 
phon; and presence or absence of a pecten on siphon. The trichoprosopons have gen- 
erally been regarded to lack a true pecten. However, the fringe of long spicules on 
the ventral surface of the siphon in Runchomyia represents the pecten. In R. magna 
the first instar larva has a normal pecten of enlarged teeth in a pair of ventrolateral 
rows; the second instar larva has a single ventral row of elongate, filamentous teeth; 
and the third and fourth instars have a single ventral row of very numerous, long, fil- 
amentous spicules. Further, in fourth instar larvae of R. lunata and R. perturbans 
the distal elements of the pecten are normally developed teeth in separate rows. 

Other larval characters that I have found useful are: pigmentation of sclerotized 
parts of body; shape of mental plate; shape, length and dentition of mandible and 
maxilla; and presence or absence of dorsal sensillum. 

For the setae, the strength, length, type of development, number of branches, pig- 
mentation, position and presence or absence of an alveolar plate may all be impor- 
tant in particular cases. Specializations in setae 4-P and 2,6-S often provide good 
taxonomic characters. Seta 8-M, which is a large multiple seta in most mosquito lar- 
vae, is completely absent in all species of Trichoprosopon, and weakly developed in 
all species of Shannoniana. 

The immatures of the Sabethini seem to be particularly favorable material for ob- 
serving the nerve connections between setae of one instar or stage and the developing 
subsequent instar or stage, and I have been able to unquestionably homologize many 
larval and pupal setae in all major groups of this study. Setae that I have been able to 
homologize in each group will be listed in the revision of that group. At this time, 
though, I would like to indicate one correction that needs to be made in a previously 
published illustration. In the larva of Malaya solomonis illustrated by Belkin (1962b: 
360), the labels on setae 3 and 4 on segments III and IV should be reversed. Tracing 
of the nerves in Runchomyia magna, the larvae of which is similar to that of M. solo- 
monis, shows the first seta mesad of seta 1 to be seta 4, not seta 3, on these segments. 

PROPOSED CLASSIFICATION. Forty-five of the 48 nominal species included in 
Trichoprosopon at the onset on my study (see Knight and Stone 1977:312-316) and 
19 undescribed related species known to me at this time fall into six distinct groups 
apparently representing four separate phyletic lines. Of the three remaining nominal 
species, one belongs in the genus Wyeomyia, and two are considered to be nomina 
dubia. 

The four phyletic lines are most clearly demarked from each other in the larval 
stage, but they are amply distinct in the adult and pupal stages, and usually also in 
the male genitalia. Because of the distinctness of these lines, and because some may 
have close affinities with mosquitoes presently placed in other genera, I am recogni- 
zing each as a separate genus at this time. The four genera, some of the more impor- 
tant features for distinguishing them from each other, their possible affinities and the 
previously described nominal species belonging to each are summarized below. 

I consider my reclassification of this group to be tentative only, and subject to 
change when more information is available. Biologists, including even some systema- 
tists, often lose sight of the fact that a biological classification is a scientific hypothe- 
sis, and, like all other hypotheses, it may need to be changed or discarded when new 
data are discovered. The tribe Sabethini is a large one that has been poorly collected 
and little studied in both the New and Old Worlds, so that many additional data of 
taxonomic value await discovery, and as they are discovered, changes in the classifica- 
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tion of the group will be inevitable. A classification, again like any other hypothesis, 
has heuristic value, so that its very existence should stimulate further research that 
may ultimately bring about its modification or demise. 

Genus Johnbelkinia. This is the smallest segregate genus, with but three taxono- 
mic species, all of which were placed previously in Trichoprosopon (Runchomyia). 
The larvae are distinguished by a long row of multibranched accessory midventral se- 
tae on the siphon; adults by the combination of a long proboscis and light markings 
on tarsi IT and III; pupae by presence of a dorsal sensillum on only segments IV and 
V; and male genitalia by a large patch of very dense, strongly developed setae on side- 
piece. The affinities of Johnbelkinia are unknown, as I have seen no sabethines from 
either the New World or the Old World that are similar. Nominal species belonging 
to this genus are: Lesticocampa culicivora Dyar & Knab 1907, Trichoprosopon (Hy- 
loconops) edwardsianus Lane & Cerqueira 1942, Lesticocampa leucopus Dyar & 
Knab 1906, Culex longipes Fabricius 1805, Lesticocampa trichopus Dyar 1919 and 
Lesticocampa ulopus Dyar & Knab 1906. 

Genus Trichoprosopon. This is the largest genus, with 21 taxonomic species, sev- 
eral of which are undescribed. The group includes not only the species with setae on 
the clypeus that have always been included in it, but also species lacking such setae 
that have been placed in the subgenera Limamyia, Vonplessenia and Runchomyia. 
Larvae of the group are distinguished by the unmodified maxilla and absence of seta 
8-M; adults by a short proboscis in concert with absence of a postmedian light band 
on tibia III; and pupae by weak and short seta 5-II-VII. The male genitalia are not 
much differentiated from those of Shannoniana or Runchomyia sensu stricto. This 
genus seems not to have any close relatives. Nominal species belonging to Trichopro- 
sopon are: Trichoprosopon (Trichoprosopon) andinus Levi-Castillo 1953, Isostomyia 
brevipes Lima 1931, Trichoprosopon (Hyloconops) castroi Lane & Cerqueira 1942, 
Trichoprosopon compressum Lutz 1905, Culex digitatus Rondani 1848, Trichoproso- 
pon (Hyloconops) evansae Lane & Cerqueira 1942, Lesticocampa lampropus Howard, 
Dyar & Knab 1913, Goeldia lanei Antunes 1937, Joblotia mogilasia Dyar & Knab 
1907, Trichoprosopon nivipes Theobald 1901, Trichoprosopon (Trichoprosopon) ob- 
scurum Lane & Cerqueira 1942, Hyloconops pallidiventer Lutz 1904, Trichoproso- 
pon (Hyloconops) similis Lane & Cerqueira 1942, Trichoprosopon (Trichoprosopon) 
soaresi Lane & Cerqueira 1942, Trichoprosopon splendens Lutz 1904, Joblotia splen- 
dens var. subsplendens Martini 1931, Trichoprosopon (T.) digitatum var. townsendi 
Stone 1944, Joblotia trichorryes Dyar & Knab 1907, Lesticocampa vonplesseni Dyar 
& Knab 1906 and TJrichoprosopon wilsoni Ludlow 1918. 

Genus Shannoniana. This is a large genus, with 15 species. Most of these are un- 
described, and I suspect scores more await discovery in the field. The previously de- 
scribed species were all correctly associated in the subgenus Shannoniana by Lane 
and Cerqueira (1942:502-506). Larvae are distinguished by the modified maxilla 
and its unusual articulation with the head capsule; adults by the postmedian light 
band on tibia III; pupae by absence of a dorsal sensillum on any segment in combina- 
tion with a well developed seta 5 on at least segments III-V; and male genitalia by 
large preapical teeth on the aedeagus in combination with a pair of lobes on IX-T. I 
believe Shannoniana is closely related to the subgenus Rachisoura of Tripteroides 
from the Australian zoogeographical region. There are several striking similarities in 
structure of the larval head capsule in these groups, including the virtually identical 
development and articulation of the maxilla. Belkin (1962a:529) earlier noted the 
striking similarity between Rachisoura and some Trichoprosopon. Included nominal 
species are: Goeldia fluviatilis Theobald 1903, Hyloconops longipalpis Lutz 1905, 
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Lesticocampa moralesi Dyar & Knab 1919 and Lesticocampa schedocyclia Dyar & 
Knab 1908. 

Genus Runchomyia. This is a complex and poorly known group comprising at 
least 11 species in three subgenera, Runchomyia sensu stricto, Ctenogoeldia and Iso- 
stomyia. My treatment is possibly too conservative, and the subgenera perhaps de- 
serve generic rank. The larvae of Runchomyia are distinguished by the slitlike fora- 
men magnum and a filamentous pecten on the siphon; adults by long proboscis to- 
gether with dark tarsi; and pupae by presence of a dorsal sensillum on segments III-V. 
The male genitalia of Runchomyia exhibit a wide range of variation; those of Cteno- 
goeldia and Isostomyia are unusual and unlike any other New World sabethines, but 
those of the nominate subgenus are generalized and can not be distinguished as a 
group from those of Trichoprosopon. The affinities of Runchomyia are problematic 
at this time. The Old World Malaya and Topomyia, the New World Sabethes, Lima- 
tus and Phoniomyia, and most of the New World Wyeomyia have the slitlike foramen 
magnum, so the affinities most likely lie with these groups. The resemblance in adult 
ornamentation, male genitalia and chaetotaxy of the immatures between Runchomy- 
ia (Ctenogoeldia) magna and some species of Malaya is great enough to suggest a rela- 
tionship. The three subgenera of Runchomyia are distinguished by characters given 
in the key that follows. Included species are: for Runchomyia sensu stricto: Tricho- 
prosopon (Runchomyia) cerqueirai Stone 1944, Runchomyia frontosa Theobald 
1903, Trichoprosopon (Hyloconops) humboldti Lane & Cerqueira 1942, Lesticocam- 
pa rapax Dyar & Knab 1906, Trichoprosopon (Hyloconops) reversus Lane & Cerque- 
ira 1942 and Trichoprosopon (Hyloconops) theobaldi Lane & Cerqueira 1942; for 
subgenus Ctenogoeldia: Lesticocampa dicellaphora Howard, Dyar & Knab 1913, 
Phoniomyia homotina Dyar & Knab 1906, Phoniomyia magna Theobald 1905 and 
Trichoprosopon (Ctenogoeldia) walcotti Lane & Cerqueira 1942; for subgenus Isosto- 
myia: Lesticocampa espini Martini 1914, Wyeomyia lunata Theobald 1901, Lynchi- 
aria paranensis Brethes 1910, Aedes perturbans Williston 1896 and Trichoprosopon 
(Joblotia) shropshirei Ludlow 1920. 

Excluded Species. I have examined a female specimen of Goeldia (Isogoeldia) lue- 
derwaldti Lane 1936:6-8 from the FH collection. This specimen agrees with the ori- 
ginal description of luederwaldti and was determined as that species by Lane himself. 
Since I find this specimen to be similar to, and perhaps even the same as, Wyeomyia 
(Dendromyia) personata (Lutz 1904), this nominal species should be transferred to 
Wyeompia. 

Nomina Dubia. The holotype of Goeldia leucopus var. hyperleuca Martini 1931: 
201 has been lost (see Belkin 1971:31), and it is not certain from the brief original 
description what known taxonomic species Martini had before him. Therefore I 
think it best to consider the name a nomen dubium. I have seen the single female 
specimen from Restrepo, Colombia, in the FH collection that Lane and Cerqueira 
(1942:526-527) and Lane (1953:858) treated as Trichoprosopon hyperleucus, and I 
consider it to be Johnbelkinia ulopus. Martini’s description of hyperleuca does not 
quite fit known specimens of ulopus, and since the type was collected about 1600km 
south of the known range of that species along the eastern slope of the Andes, I am 
hesitant to simply synonymize hyperleuca with ulopus. 

The location of the holotype male of Trichoprosopon (Hyloconops) cotopaxensis 
Levi-Castillo 1953:66-68 is unknown, and in all probability the specimen is nonexis- 
tent. The original description of cotopaxensis in based on specimens representing at 
least two, and most likely three, different species. The male genitalia described and 
illustrated by Levi-Castillo are Johnbelkinia ulopus and the pupa illustrated is Tricho- 
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prosopon digitatum (see next paragraph). According to the description, the legs of 
the adult were dark, but both ulopus and digitatum have conspicuous light markings 
on the legs, which indicates that yet a third species was involved. The lengths given 
for the palpi of both the male and the female are too great for ulopus, and the habi- 
tat (bamboo stump) in which the pupae of the type series were collected is not one 
normally utilized by ulopus. Two dark-legged trichoprosopons, Runchomyia magna 
and Trichoprosopon andinum, are known from coastal Ecuador, and a third, T. palli- 
diventer, might logically occur there, but Levi-Castillo’s description seems not to be 
based on any of these. The culicid fauna of the Pacific lowlands of Ecuador is the 
most highly endemic in South America, and cotopaxensis may be a distinct species 
unknown elsewhere. Since this can not be determined without the holotype male, I 
consider the name to be a nomen dubium. 

Levi-Castillo described numerous new species of mosquitoes from Ecuador in the 
period 1944-1955; included were two trichoprosopons, Trichoprosopon cotopaxensis 
and T. andinus, described in 1953. The holotypes of most of his species were depos- 
ited in the Centro Ecuatoriano de Investigaciones Entomologicas in Guayaquil, but 
the location of the types of some of his species, including the two trichoprosopons, 
was never known. In the late 1950’s Alan Stone wrote Levi-Castillo several times, 
each time asking for the location of the types of andinus and cotopaxensis (and oth- 
ers). These letters were never answered. In the summer of 1961 Richard F. Darsie, 
Jr., visited Levi-Castillo in Ecuador, and obtained from him 564 slide preparations of 
mosquitoes. Included among these were supposed to be the slides of types. Darsie 
did not obtain any adult mosquitoes, as these were allegedly packed away. The slides 
obtained by Darsie were subsequently sent to the USNM. In 1961 Stone wrote to 
Levi-Castillo and asked if he could provide more information about the slides, as 
more than half were unlabeled, and suggested that he consider depositing his adults 
in the USNM also. Although Levi-Castillo responded the following year, he did not 
provide any additional information about the slides or the whereabouts of his adult 
collection. I have located 54 slides of trichoprosopons in Levi-Castillo’s material at 
the USNM. Only three species are represented, T. digitatum, T. andinum and J. ulo- 
pus. The material of ulopus consists of five slides of dissected male genitalia. Four 
are totally unlabeled. The fifth bears two standard slide labels, one pasted over the 
top of the other. The upper label states simply “‘T. / cotopaxensis.”” The lower can 
be deciphered by holding the slide up to a bright light, and it states ‘““Trichoprosopon 
/ (T.) obscurum / Valencia / Los Rios.” Levi-Castillo’s genitalia preparations are 
among the worst I have ever seen. The genitalia are so irregularly fragmented, and 
the pieces so disoriented and squashed, that they are almost unrecognizable. One re- 
sult, though, is that each slide is unique, with its own peculiar set of artifacts. On 
this basis, I believe it can be stated with certainty that the genitalia illustration in the 
original description of cotopaxensis was prepared from the slide of ulopus labeled T. 
cotopaxensis. For digitatum there are 29 slides, mostly of dissected male genitalia, 
and mostly unlabeled. There are, however, four slides of pupal skins. Of these, only 
one pupa has the abdomen intact and bearing most of its setae; this slide is labeled 
“Trichopro / sopon / V.P.”’ I believe the pupal illustration accompanying the original 
description of cotopaxensis was made from this slide of digitatum. The specimen has 
the float hairs (setae 1-I) rotated caudad and partly covering segment II, seta 6-VI 
forked near the middle on the left side, the paddles slightly overlapped and is female, 
and the illustration accurately reflects these peculiarites. 
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BIONOMICS 


Under natural conditions the immature stages of all trichoprosopons occur in liq- 
uids associated with plants. Specific habitats include rot holes in trees, fallen fruits 
and nuts, bamboo stumps, punctured bamboo internodes, fallen leaves and palm 
spathes, leaf axils of many kinds of living plants and flower bracts of species of Cala- 
thea and Heliconia. Most species are specific to one or a few similar habitats, but 
others are more catholic. In most cases the breeding sites hold a relatively large quan- 
tity of fluid that is largely or entirely accumulated rain water. However, some of the 
leaf axil breeding sites do not contain open water, but only a thin mucilaginous film 
that may be of plant origin between the appressed leaf bases. 

In all species of trichoprosopons the larval mouthparts are modified. In the genus 
Trichoprosopon it is the mandible that is enlarged, while in the genera Johnbelkinia, 
Shannoniana and Runchomyia it is the maxilla. The modifications of the mouth- 
parts have generally been considered to be for predation, and indeed several species 
have been reported as being predaceous, especially on Wyeomyia, or cannibalistic. 
However, according to Galindo, Carpenter and Trapido (1951:133) many sabethine 
larvae that have been reported to be predaceous are only facultatively so, and do not 
as a rule feed on other mosquito larvae. These authors also state “the larvae of these 
sabethines are not predaceous in the same sense as Toxorhynchites, Psorophora 
(Psorophora) spp. and Culex (Lutzia) spp. since they do not swallow the prey, but 
usually grab it by the mid-abdomen, breaking it in two, and apparently sucking the 
body juices.”’ Assem (1959:36-37), writing about New Guinean species of Tripter- 
oides (Rachisoura), reports that the modified maxillae of these larvae are used as clas- 
ping organs to hold large food particles as well as in aggressive behavior between lar- 
vae. As for the latter, he reports that larvae may fight until the death of one, which 
is then consumed by the other. However, not all such fights end in cannibalism, 
since one duel he observed lasted two hours before ending in a draw with both larvae 
surviving. 

In light of the above, the supposed predatory behavior of all trichoprosopons 
needs to be reexamined. It should be stressed also that, in so far as possible, observa- 
tions should be made under natural conditions. I collected large numbers of Runch- 
omyia magna larvae from individual Calathea bracts in Venezuela; only this one spe- 
cies of mosquito was present in these bracts at this stage in their development. When 
these same larvae were placed together in vials in the laboratory, many were subse- 
quently found dead, having been bitten in two. The simple environment within a vial 
is in such stark contrast to the complex one within a Calathea bract, where there are 
countless cavities and crevices among the flowers and their parts, that I am not pre- 
pared to argue that this species is normally cannibalistic on the basis of my observa- 
tions in the laboratory. 

Very little is known about the biology or ecology of adult trichoprosopons. Sev- 
eral species are attracted to and bite man and other mammals, and several are known 
to be diurnal. 

As already mentioned, the trichoprosopons are a difficult group taxonomically, 
and misidentification of the species has been very common. This difficulty in accu- 
rately identifying the species has undoubtedly hindered the gathering and reporting 
of biological information about them. The improved classification and keys in the 
present revision should facilitate identification of the species, and thereby stimulate 
studies of their biology. 
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KEYS TO GENERA AND SUBGENERA 
FORMERLY PLACED IN TRICHOPROSOPON 


ADULTS 


Proboscis 0.85-1.20 length of femur I; row of lower stp setae extending dor- 
sad to above level of lower edge of mep . . . Ae 

Proboscis 1.20-1.40 length of femur I; row of lower. stp setae Gepally not ex- 
tending dorsad to level of lower edge Of MGs tee tee sd 


Tibia III without postmedian light band; laterotergite without scales basad 
and sparsely scaled distad, its lower margin visible; pcx without scales 
Trichoprosopon 
Tibia, na with broad complete o or incomplete postmedian light band; latero- 
tergite densely scaled, its lower margin hidden; pcx with scales 
iad i Shannoniana 


Tarsi II, III partly light scaled; scutal scales moderately broad and flat and 
scales of vertex and occiput with brilliant silver and azure blue reflections 
Johnbelkinia 
ne TL, Tl dad scaled: scutal scales narrow and curved or scales of vertex 
and occiput without silver reflections and with only weak to moderate 
green or blue reflections (Runchomyia) 29... 


Scutal scales moderately broad to broad and flat; scales of vertex without sil- 
ver reflections and with only weak to moderate green or blue reflections; 


ppn without posterior seta . . . . . subgenus I[sostomyia 
Scutal scales narrow and curved; scales of vertex with brilliant silver and azure 
blue reflections; ppn with.1 or more posterior setae ....... .5 


Scales on base of midlobe of scutellum with brilliant silver reflections ; 
ee subgenus Ctenogoeldia 
eles on Ricioke ap cumilam witout ae) reflections ‘ 

subgenus Pe heanie 


MALE GENITALIA 


Sidepiece without distinctly separated basal mesal lobe (in part Runchomyia) 
wivewi te yh derbies ante S tam ieee Wouek Meer h Wht cm eh subgenus Ctenogoeldia 
Sidepiece with distinctly separated basal mesallobe .........2 


Basal mesal lobe developed as an elongate, weakly or strongly sclerotized 
plaque (in part Runchomyia) . . . . . . . Subgenus Isostomyia 

Basal mesal lobe developed as a more or less crescentic or semicircular lobe, 
the apical part of which may be strongly produced. . ...... .3 
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Basal tergal area of sidepiece with large, very dense patch of strongly devel- 
oped, moderately long to long setae; [X-S largely membranous, only base 
and sides sclerotized, distal margin of sclerotized portion strongly concave 

. Johnbelkinia 

Basal tergal ai area , of sidepiece without patch of specialized setae; [X-S largely 
or entirely sclerotized, more or less semicircular or crescentic, distal mar- 
gin strongly convex throughout or with median apical emargination . .4 


Aedeagus with large preapical teeth and IX-T with pair of distinctly separated 
submedian lobes bearing a single or he double row of apically curved 
and/or flattened setae . . . . . Shannoniana 

Aedeagus without large preapical teeth or TX-T with single broad median 
lobe, sometimes notched in middle, bearing several rows of straight or 
nearly straight spinsdorm setae medially .-. . w S 


With the following combination of characters: sidepiece moderately long to 
long; aedeagus without large teeth, serrations or spicules apically but with 
narrow sharp apical beak; spiniform short to moderately long; paraproct 
with 2-6 strong apical teeth; and apex of submedian tergal arm of aedeagus 
narrow (in part Runchomyia) ee . . . . subgenus Runchomyia 

Without the above combination of sharacters: either sidepiece short; or aede- 
agus with large teeth, marginal serrations, or small spicules apically: or ae- 
deagus without narrow apical beak; or spiniform long; or paraproct with 1 
strong apical tooth; or apex of submedian tergal arm of aedeagus broad . 


. Trichoprosopon 
PUPAE 
Seta 5-III-VI weakly developed and very short . . . . . Trichoprosopon 
Seta 5-IV and usually also 5-III,V or 5-V,VI pkia h to strongly devel- 
oped and moderately longtolong ...... 7 


Seta 5-C weakly developed and short; seta 3-III at the same level as or cepha- 
lad of 4-III, far from caudal margin of tergite; dorsal sensillum absent on 
tergites III- V ae . . Shannoniana 

Seta 5-C moderately to stronsly developed and moderately long to long; seta 
3-III caudad of 4-III, near caudal margin of tergite; dorsal sensillum pres- 
enon vertes IY Of IVY oe Ne OP re ee 


Inner part of paddle spiculose; seta 5-II,III moderately to strongly developed 
and moderately long to long and seta 6-VII moderately to strongly devel- 
oped, 3-18b, and usually cephalad and laterad of 9-VII; dorsal sensillum 
present on tergitesIV,V .. . . Johnbelkinia 

Inner part of paddle glabrous; seta 5. -II, I weakly developed and short or seta 
6-VII weakly developed, single or double, and caudad and mesad of 9-VII; 
dorsal sensillum present on tergites III-V (Runchomyia). ..... . 4 
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Paddle strongly produced apically or seta 5-V,VI weakly developed and short; 
caudolateral angle of tergite VIII strongly to very strongly produced, ex- 
tending at least 0.50 distance to apex of segment IX 

Bid tebe Rastevis 

Paddle vl fo triangular pees ete re V VI moderately to strongly developed 
and moderately long to long; caudolateral angle of tergite VIII not or only 
slightly produced, not extending more than 0.25 distance to apex of seg- 
ment IX 


Seta 5-C much longer and stronger than 7-C and 3-10b; seta 6-I moderately 
strong, weaker than 3-I and/or 6-II. . . . . . subgenus Ctenogoeldia 
Seta 5-C subequal in length and strength to 7-C or at least 40b; seta 6-I 
strongly developed, as strong as or stronger than 3-I and 6-II . : 
A : subgenus Runchomypyia 


LARVAE 


Head capsule with normal circular foramen magnum bounded by distinct col- 
lar; siphon without pecten .. . ae Oe a ae 

Head capsule with short to long abate: siilikee foramen wyacng not 
bounded by distinct collar; siphon with filamentous pecten (Runchomyia) 
4 


Maxilla normal, not modified for grasping, never extremely long or with 
strong apical spines; maxillary suture extending to posterior tentorial pit; 
seta S-Moabsent @ e730 7: . . . . . Irichoprosopon 

Maxilla modified for grasping, either extremely long or with strong apical 
spines; maxillary suture not extending to posterior tentorial pit; seta 8-M 
presents: (aioe, BER Sie oe ee ae te Wea. SO 


Siphon without accessory midventral setae; maxilla with strong articulation 
with head a far ventrad of palpus; seta 8-M weakly developed 
Shannoniana 
Siphon with iongt row y of multibranched accessory midventral setae; maxilla 
without strong articulation with head capsule far ventrad of palpus: seta 8- 
Mostronsiy developed (227 te et Pee ee ohnbelkinia 


Seta 3-X 2-8b; seta 6-S strongly developed, rigid, hooked at apex 
: subgenus Kovotaiin 
Seta 3-X sinele: ‘seta 6i S ently apreioueds Alexie: momnorwedou ss faa 88 


Maxilla with rigid apical spine shorter than articulated apical spine; most 
comb scales arising from single large plate; seta 5-T strongly developed, 
moderately lone: .. 6.54 . . . subgenus Ctenogoeldia 

Maxilla with rigid apical spine longer than articulated apical spine; comb 
scales free; seta 5-T weakly developed, short . . subgenus Runchomyia 
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TAXONOMIC TREATMENT 


JOHNBELKINIA Zavortink, gen. n. 
TYPE SPECIES: *Culex longipes Fabricius 1805, French Guiana. 


Trichoprosopon (Runchomyia) in part of Stone, Knight and Starcke (1959:76-77); Knight and 
Stone (1977:313-314). 3 

Trichoprosopon (Rhunchomyia) in part of Lane (1953:855-858, 860); Cerqueira (1961a:459-464)., 

Trichoprosopon (Hyloconops) in part of Lane and Cerqueira (1942:525-527, 528). 

Goeldia (Goeldia) in part of Dyar (1923a:84-85, 86); Edwards (1932:72); Lane (1939:161, 162- 
163). 

Goeldia in part of Bonne-Wepster and Bonne (1921:17-18; 1922:38); Dyar and Shannon (1924: 
482-483); Bonne and Bonne-Wepster (1925:141-146, 152); Dyar (1925: 128-130; 1928:96-98). 

Lesticocampa in part of Dyar and Knab (1906a: 137-138); Theobald (1910:558, 622); Howard, 
Dyar and Knab (1915:168-174). | 


FEMALES. Medium sized to large mosquitoes. Moderately ornamented; scales of 
vertex and occiput with brilliant silver or azure blue reflections; pleural scales metal- 
lic silver; dark scales largely moderately iridescent. 

Head: Eyes contiguous above antennae. Frontal tuft absent. Orbital setae numer- 
ous, middle pair elongate. Vertex and occiput densely covered with broad flat scales 
with brilliant silver or azure blue reflections; occiput with row of dark erect scales 
posteriorly. Lateral scales dense, broad, flat, silver. Clypeus moderate-sized, promi- 
nent; brown to dark brown, shiny; without setae or scales. Proboscis not modified; 
slender, long, usually 1.20-1.40 length of femur I; dark scaled. Palpus 0.16-0.20 
length of proboscis; apparently 2-segmented; dark scaled. Antenna 0.55-0.70 length 
of proboscis; torus without scales; flagellar segment 1 with small scales dorsally. 

Thorax: Scutal integument brown to dark brown. Acrostichal and dorsocentral 
setae present on anterior promontory; supraalar setae numerous; a few anterior dor- 
socentral setae and prescutellar setae sometimes present. Scutellum with 4 long setae 
on midlobe, usually 3 on lateral lobe. Postnotum with numerous setae. Scutum 
without extensive bare areas. Scutal scales dense; most moderately broad, flat, 
straight, some narrower, curved; brown, dull to moderately iridescent; broader, al- 
ways iridescent posteriorly. Scutellar scales broad, flat, brown, moderately irides- 
cent. Postnotum with or without scales. Paratergite bare. Apn lobes moderately 
large, not approximated dorsally. Meron small, its upper edge in line with base of 
hindcoxa. Pleural integument light straw yellow to tan and usually partly brown. 
Apn with anterior row of strong setae. Ppn with 1,2 strong posterior setae. Ppl, sp 
and upper mep with setae. Pra setae 2-5. Stp setae restricted to lower part, below 
level of lower edge of mep. Psp sometimes with weak, fine setae. Apn scales dense, 
broad, colorless to smoky, translucent, usually with metallic silver or pale gold reflec- 
tions. Ppn scales dense, broad, flat, colorless to dark; with metallic gold reflections, 
some upper moderately blue and purple iridescent. Acx, ssp, psp, all but lower ante- 
rior margin of stp and entire mep with dense, broad, flat, transparent, metallic silver 
scales; ppl with a few similar scales; pcx, meron, metapleuron and metameron with- 
out scales. 

Legs: Long; femora I-III progressively shorter; tibiae I-III progressively shorter; 
tarsus I-III longer than tibia III. Leg III with or without conspicuous outstanding 
scales on tibia and tarsus. Coxae with dense, broad, flat, metallic silver scales. Femo- 
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ra dark scaled with short to long streak of pale scales on lower or posterior surface. 
Tibiae entirely dark scaled. Tarsi dark scaled with light scales on 2 or 3-4 or 5-II and 
3 or 4-5-III. Claws simple; small on I, II; very small, often appearing single on III. 

Wing: Dark scaled. Scales broad; wide spreading dorsally on Rs, R2,3, R,, R3 
and M. Vein 1A ending far distad of branching of Cu. Alula with a few narrow mar- 
ginal scales distad. Upper calypter without setae or with short row of setae basad. 

Haltere: Dark scaled. 

Abdomen: Tergite I completely scaled. Laterotergite without scales basad, its 
lower margin visible. Setae conspicuous on tergite I and distal segments. Tergites I- 
VII dark scaled with broad lateral patch of lustrous creamy to pale gold scales from 
base to apex, the patches broader apically on distal segments. Sternites II-VII com- 
pletely scaled, scales entirely lustrous creamy to pale gold or dark in median line 
from base to apex of all segments. 

FEMALE GENITALIA. As illustrated; not studied in detail. 

MALES. Essentially as in females except for sexual characters. Head: Clypeus 
small. Palpus long, 0.70-0.85 length of proboscis; 5-segmented; slender; setae few; 
dark scaled. Antenna 0.53-0.70 length of proboscis; torus moderately enlarged, with 
a few very small setae and scales medially; flagellum sparsely to moderately plumose, 
segments 12,13 only slightly longer than in female. Legs: Anterior claw enlarged on 
I or L,I; with submedian swelling or distinct tooth on I. Abdomen: Tergites with 
setae laterally. 

MALE GENITALIA. Large, exserted. Segment VIII: Unmodified. Segment IX: 
Tergite strongly developed, with pair of distinctly separated, prominent, divergent 
submedian lobes. Setae of each tergite lobe 4-7 (3-8), moderately to very strongly 
developed, long, curved laterad apically, arising in a single or partly double curved 
row. Sternite strongly developed; basal and lateral parts strongly sclerotized, forming 
V- or U-shaped sclerite, disc membranous; without setae. Sidepiece: Main articula- 
tion apparently with apex of lateral sclerotization of sternite IX; apodeme of side- 
piece moderately strong, nearly perpendicular to long axis of genitalia. Moderately 
long to long, conical, slightly curved mesad apically. Mesal surface not membranous. 
Basal tergal area with large, very dense patch of strongly developed, moderately long 
to long setae. Apical tergolateral, lateral and sternal surfaces with numerous strongly 
developed, long setae; apical tergomesal area bare. Lateral and sternal surfaces dense- 
ly scaled. Basal Mesal Lobe: Well developed, distinctly separated from sidepiece. 
Crescentic to nearly semicircular, or with conical body and long narrow dorsal strip. 
With numerous strongly developed setae. Clasper: Simple. Moderately long to long, 
curved mesad apically, uniformly slender beyond base or swollen apically. Spiniform 
short. Phallosome: Simple. Aedeagus with lateral sclerotizations weakly connected; 
apical tergal arms not joined; lateral sclerotizations not approximated sternally; apex 
of submedian tergal arm narrow, simple; broadest near base; index 1.7-2.5; without 
large preapical teeth or sclerotized apical beak. Sternal aedeagal plates absent. Gon- 
opore apical. Proctiger: Strongly developed. Paraproct with moderately large apical 
teeth. Cercal sclerite present, elongate, or absent. Cercal setae numerous, fine. 

PUPAE. Cephalothorax: Seta 1-C strongly developed, long, double, sigmoidally 
curved. Seta 5-C moderately to strongly developed, long, usually 4-6b (3-7); stronger 
and longer than 7-C. 

Trumpet: Moderately long, narrow; pinna short; appearing slightly urceolate in 
dorsal aspect, nearly cylindrical beyond basal curve in lateral aspect. 

Abdomen: Tergite VIII with posterior edge straight laterad, caudolateral angle not 
produced. Dorsalsensillum present on tergites IV,V only. Seta 1-I strongly devel- 


20 Contrib. Amer. Ent. Inst., vol. 17, no. 1, 1979 


oped, moderately long to long, dendritically branched; seta 1-I] moderately to strong- 
ly developed, moderately long, usually 2-5b or f (1-9); seta 1-III,[V weakly to moder- 
ately developed, short, usually single or double (1-3b). Seta 2-II-VII usually near cau- 
dal edge of tergite, laterad of seta 1-II, mesad of seta 1-III-VII. Seta 3-I-III strongly 
developed, long, usually single (1,2b), near caudal edge of segment and caudad of lev- 
el of seta 4 on II,III. Seta 5-II-VI strongly developed, long, single on II, single or dou- 
ble on III, usually double (2-6b) on IV-VI; seta 5-VII weakly developed, short, single 
or double. Seta 6-I,II strongly developed, long, usually 2,3b (1-3) on I, usually single 
(1,2b) on II; 6-VII moderately to strongly developed, 3-18b, usually cephalad and lat- 
erad of seta 9-VII. Seta 7-1 moderately strong, moderately long, 2-5b; seta 7-II usual- 
ly ventral. Seta 9-VII 15-24b (13-26); seta 9-VIII 14-24b (12-28). 

Paddle: Large, subequal in length to or longer than seta 9-VIII, oval, apical part 
acute. Midrib distinct, straight or curved laterad. Inner and outer margins usually 
with small submarginal spicules, apex with larger submarginal and marginal spicules. 
Surface of inner part and mesal portion of outer part with numerous small spicules. 

LARVAE. Head: Foramen magnum circular, bounded by distinct collar. Posteri- 
or tentorial pit removed from collar. Maxillary sutures straight or nearly so, parallel, 
not extending to posterior tentorial pits. Labial sclerite broad; anterior margin con- 
cave, with short, sharp spicules, moderately produced laterally. Mental plate very 
short; apical margin deeply emarginate laterad of central teeth and tripartite. Mandi- 
ble short. Maxilla modified for grasping, elongate, with short nonarticulated spine 
and long, distally toothed articulated spine; without strong articulation with head 
capsule far ventrad of palpus or basomesal tuft of elongate spicules. Maxillary palpus 
adnate to body of maxilla basally, apical 0.3-0.5 free, short, conical. Distinct sclero- 
tized palpifer absent. Seta 1-C strongly developed, stout. Seta 5-C laterad of 6-C. 
Setae 8-10-C weakly developed, 3-5b (3-7). Seta 14-C weakly developed, usually sin- 
gle (1-3f), near anterior ventral margin of head capsule. Seta 15-C weakly developed, 
2-11f, very near anterior margin of labial sclerite. Seta 6-MP short, peglike, arising at 
very base of body of maxilla. 

Thorax: Seta O0-P moderately developed, 11-27b, not closely associated with 2,3-P 
or 4-P. Seta 1-P single, closely associated with 2,3-P and slightly laterad of them. Se- 
ta 4-P strongly developed, long, usually 14-21b (11-22), displaced laterad, on com- 
mon tubercle with 5-7-P. Seta 5-T weakly developed, short. Seta 6-P strongly devel- 
oped, long, usually 3,4b (2-5). Seta 7-P strongly developed, long, usually 18-27b (15- 
28). Seta 8-M strongly developed, long, usually 6-10b (3-12). Setae 7,13-T not aris- 
ing from sclerotized bars connected to tubercle of 9-12-T. 

Abdomen: Dorsal sensillum present on IV,V only. Seta 1-I-VII without alveolar 
plate; 1-I,11,VI weakly developed; 1-III-V,VII moderately developed; 1-III mesad of 
4-III; 1-IV laterad of 4IV. Seta 2-I-VII mesad of seta 1 of same segment. Seta 3-VII 
moderately developed, moderately long, usually 2,3b (1-4), without alveolar plate. 
Seta 5-I, VI, VII and sometimes V weakly developed, usually 3-7b (2-8); 5-II-IV or V 
moderately developed, usually 3-8b (2-11). Seta 6-I-III strongly developed, long, us- 
ually 6-14b (4-16); 6-IV-VI strongly developed, long, single or double on IV, single 
on V,VI. 

Segment VIII: Strongly produced dorsocaudally, forming long cylindrical portion 
beneath siphon. Comb scales weakly pigmented, usually 33-57 (9-76), free, in large, 
irregular, oblique patch; each scale small, narrow, evenly fringed or with apical spine. 
Setae 1-5-VIII displaced dorsad. Seta 3-VIII weakly developed, short, 4-13b. Seta 5- 
VIII moderately developed, moderately long, 3-9b. 

Siphon: Long, slender, index 6.6-10.2, straight or curved dorsad distally. Con- 
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spicuously spiculose; spicules short, simple, becoming stronger on apical portion of 
siphon. Pecten absent. Seta 1-S moderately developed, usually single (1,2b), arising 
near middle of siphon. Accessory midventral setae (1a-S) 20-37, not distinctly paired, 
in long row extending entire length of siphon; moderately developed; medial setae us- 
ually 4-7b (3-11). Seta 2-S strong, laterally compressed, apex curved and pointed; 
arising on tubercle beyond body of siphon. Accessory dorsolateral setae (2a-S) 4-7 
pairs; weakly developed, 1-3b. Seta 6-S weakly developed, flexible, nonhooked. 

Anal Segment: Saddle small, dorsal. Seta 2-X usually 10-16b (7-17). Seta 3-X us- 
ually 3-9b (2-10). Seta 4-X usually 5-15b (3-17); without sclerotized bar connecting 
alveoli of this pair of setae. 

DISCUSSION. The genus Johnbelkinia is distinguished from the other groups for- 
merly placed in Trichoprosopon as follows: in the adult by the combination of: (1) 
a long, slender proboscis, which is 1.20-1.40 length of femur I, (2) brilliant silver or 
azure blue reflections of scales on vertex and occiput of head, (3) moderately broad 
and flat scutal scales, (4) restriction of stp setae to area below level of lower edge of 
mep and (5) partly light scaled tarsi II and III; in the male genitalia by: (1) a large, 
very dense patch of strongly developed setae in basal tergal area of sidepiece, (2) api- 
cal gonopore of aedeagus, (3) absence of sternal aedeagal plates, (4) weakly connec- 
ted lateral sclerotizations of aedeagus, apical tergal arms not joined and (5) combina- 
tion of strongly developed, V- or U-shaped IX-S and bare apical tergomesal area of 
sidepiece; in the pupa by: (1) presence of a dorsal sensillum on only segments IV,V, 
(2) oval, acute paddle with a distinct midrib and spicules on surface, (3) combination 
of a strongly developed, long, 2,3b (1-3) seta 6-I, a strongly developed, long, single 
(1,2b) seta 6-II and a moderately to strongly developed, 3-18b seta 6-VII that is usu- 
ally cephalad and laterad of seta 9-VII and (4) combination of a moderately to 
strongly developed, long, 4-6b (3-7) seta 5-C, a strongly developed, long seta 5-II-VI 
that is single on II, single or double on III, and usually double (2-6b) on IV-VI and a 
strongly developed, long, usually single (1,2b) seta 3-II,IIJ; and in the larva by (1) us- 
ually large patch of comb scales, (2) long row of multiple, accessory midventral setae 
on siphon, (3) tripartite mental plate, (4) strongly developed, long, usually 6-14b (4- 
16) seta 6-I-III, (5) straight, parallel maxillary sutures that do not extend to posterior 
tentorial pits, (6) combination of a strongly developed, long, 6-10b (3-12) seta 8-M 
and absence of a pecten on siphon, (7) combination of a circular foramen magnum 
with a distinct collar and a grasping maxilla without a strong articulation with head 
capsule far ventrad of palpus and (8) maxillary palpus adnate to grasping maxilla for 
0.5-0.7 of its length. 

The affinities of Johnbelkinia are unknown. The larva resembles Shannoniana and 
Tripteroides (Rachisoura) in development of the collar and maxillary sutures, but it 
resembles Runchomyia in structure of the maxilla and in chaetotaxy. The larva has 
additional unique features not found in any of these other groups, like the usually 
large patch of comb scales and the resemblance of seta 6-III to 6-I,1I. The male geni- 
talia are very unusual and, as far as is known, are unlike those of any other sabethine 
mosquitoes. The adults resemble some species of Trichoprosopon in ornamentation, 
but resemble Runchomyia again in development of the proboscis and in position of 
the stp setae. 

I am recognizing three species, leucopus, longipes and ulopus, in this genus. These 
Species are strongly differentiated in the male genitalia and adult stage, but only 
weakly differentiated in the immature stages. Dyar (1928:96-98) recognized the 
same three species, but with the names Goeldia leucopus, G. trichopus and G. longi- 
pes, respectively, and recognized also their close relationship. Lane and Cerqueira 
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(1942:525, 526, 528) and Lane (1953:855-858, 860) recognized the same species, 
but with the names Trichoprosopon leucopus, T. edwardsianum and T. longipes, re- 
spectively. Even though the same three taxonomic species have been recognized in 
this group for more than half a century, misidentifications are extremely common. 
There has been a particularly great amount of confusion in identification of males; 
the genitalia illustrated as Trichoprosopon leucopus by Lane (1953:fig. 849) are ac- 
tually ulopus, and the genitalia illustrated as Jongipes by Lane (1953:fig. 847) are the 
true longipes, not Lane’s longipes, which is ulopus. 

Several of the characters used by previous authors to separate species in this group 
of mosquitoes are not reliable. Howard, Dyar and Knab (1915:163) used differences 
in length of the female palpus to separate Lesticocampa longipes and culicivora. 
However, this character is of no value, as there are no significant differences in palpal 
length among the species of Johnbelkinia. Dyar himself (1923a:84) had also come to 
this same conclusion. Dyar (1928:95) used white scaling of tarsus II to separate 
Goeldia trichopus and longipes. This character is so variable, even at one locality, 
that it can not be used to distinguish the species of Johnbelkinia. However, it is of 
limited value in characterizing the species, and in general tarsus II is darkest in leuco- 
pus and lightest in longipes. The presence or absence of outstanding scales on tarsus 
III has been used by several authors. Again, this character is too variable to be used 
alone to separate the species; part of the variation is biological and part is artifactual, 
being related to the age and degree of rubbing of the specimens. The outstanding 
scales are least conspicuous, in fact absent, in leucopus and most conspicuous in long- 
ipes. In ulopus, they vary from being absent to nearly as conspicuous as in longipes. 
Lane and Cerqueira (1942:488) used the presence or absence of prescutellar setae to 
separate TJrichoprosopon longipes and edwardsianus. This character is of very limited 
value, as previously pointed out by Cerqueira (1961a:459-460). Both prescutellar se- 
tae and dorsocentral setae are more often developed in males than in females, and 
both are more often developed in longipes and leucopus than in ulopus. 

The following setae of ulopus larvae and pupae have been unquestionably homolo- 
gized by tracing the appropriate nerve from a larval seta to a developing pupal seta in 
one or more of eight specimens showing such connections from collections BRA 49, 
COL 152, CR 541, CR 556, PA 41 and PA 596. 


Thorax: Larval seta 1-T = pupal seta 10-C 
' Larval seta 2-T = pupal seta 11-C 
Larval seta 3-T = pupal seta 12-C 
Abdominal segment I: Setae 2, 3, 4, 


Abdominal segment V: Setae 3, 4, 
Abdominal segment VI: Setae 3, 4, 5, 
Abdominal segment VII:  Setae 3, 4, 6, 7, 8, 10, 11 


In numbering setae on the prothorax of the larva, I consider the more lateral of 
the setae between 1-3-P and 5-7-P to be 4-P and the more mesal one to be O-P, regard- 
less of which is more posterior. Setae 5-7-P have been assigned numbers on the basis 
of their sequence from the midline of the body only, so 5-P is most mesal, 7-P most 
lateral, and 6-P between these. This interpretation of these prothoracic setae is in 
agreement with Belkin, Heinemann and Page’s (1970:191-229) for Wyeomyia, but at 
odds with Belkin’s (1962b:360) for Malaya solomonis. Since these setae have no 


3 


129 
Abdominal segment II: Seige 1, 2.3. 4, 5, 6,.7, 9, 11 
Abdominal segment III: Setae 1, 2,3 C7. 0. 4, 1,4 
Abdominal segment IV: Setae ie 2, 3,4,.5, 7, 9 aso “S” 
4,5 9 
5 


a0, 
4,5, 
4, 5, 
4,5, 
Me 
16 
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demonstrated pupal homologies, neither interpretation can be shown to be correct or 
incorrect. 

Because misidentification of the species has been so common in this group, it is 
frequently difficult or impossible to decide which zoological species actually formed 
the basis for observations reported in the literature. I have tried to infer which spe- 
cies various authors had before them when I compiled the lists of citations, but I 
have undoubtedly made many mistakes in doing this. In some cases there are no cri- 
teria for deciding, and so these citations are listed with a question mark under more 
than one species. Except for the localities listed by Cerqueira (1961b), the distribu- 
tions attributed to the species in this paper are based solely upon specimens exam- 
ined by me. 

This genus is dedicated to John N. Belkin, one of the world’s leading culicidolo- 
gists, who happens also to be my mentor and friend. 

A total of 1978 specimens, including 302 males, 658 females, 627 larvae, 391 pu- 
pae and 349 individual rearings (182 larval, 135 pupal, 32 incomplete), has been ex- 
amined for this revision of Johnbelkinia. 

BIONOMICS. The immatures of Johnbelkinia are normally found in leaf axils and 
flower bracts of tropical plants, usually of the families Araceae, Marantaceae and 
Strelitziaceae, but also of the Bromeliaceae, Musaceae and Palmae. The larvae have 
been reported to be predaceous on those of Wyeomyia. Adults are sylvan and pre- 
dominantly diurnal. Females bite humans and various other mammals. 

MEDICAL IMPORTANCE. Relatively large numbers of female Johnbelkinia have 
been attracted to human subjects in studies conducted in various parts of Middle and ~ 
South America, so the species are apparently strongly anthropophilic. Arboviruses 
have been isolated from ulopus in Trinidad and Colombia. Since these mosquitoes 
are known to harbor viruses, and are attracted to and bite humans, they are of po- 
tential importance as vectors of disease. Species of this genus have also been found 
carrying the eggs of the human bot fly, Dermatobia hominis (Linnaeus, Jr., 1781). 

DISTRIBUTION. The genus Johnbelkinia is widespread in tropical America, from 
southern Mexico to coastal Ecuador, eastern Bolivia and central coastal Brazil. It is 
apparently absent from all islands of the West Indies except Trinidad and Tobago. 


KEYS TO SPECIES 


ADULTS 


l. Upper calypter usually without setae, rarely with 1 seta; scutal scales usually 
moderately iridescent blue, ee bac purple, yellow-green or green . 

I. ulopus 
Cigna eaiv pier with short row of setae basally: scutal scales usually dull 

brown or weakly iridescent copper, bronze, gold, green, blue or purple . 2 


2(1). Tarsus 4-III completely white scaled; leg III with conspicuous outstanding 
scales on distal part of tibia and on tarsus 1-3 or 4; integument of mep and 
meron light . . . . 2. longipes 

Tarsus 4-IIT white scaled it in apical 0. 1 ig 4: leg i without outstanding scales; 
integument of mep and meron strongly markenca es PS leucopus 
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2(1). 


1906. 
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MALE GENITALIA 


Basal mesal lobe crescentic to nearly semicircular and with setae that are di- 
rected caudad and curved or weakly sinuous at apex; sidepiece with den- 
sest region of basal cacie: setae distad of level of apex of basal mesal lobe 

I. ulopus 

Basal. metal lobe with long narrow dorsal strip and onic body bearing setae 
that are directed dorsad and very strongly curled at apex; sidepiece with 
densest region of basal tergal setae proximad of level of apex of basal me- 
Bal OG eye el ee ee = oe 


Tergite IX lobe much longer than wide; clasper constricted basally and slight- 
ly to conspicuously swollen apically; apical tergal arm of aedeagus with 
patch of 4-11 small, strongly sclerotized, dorsal preapical teeth and serru- 
late or striate, laterally curved, sclerotized apical process . . 2. longipes 

Tergite [X lobe about as long as wide; clasper without basal constriction and 
uniformly slender beyond base; apical tergal arm of aedeagus without dor- 
sal preapical teeth or sclerotized apical process . .. . . .3. leucopus 


PUPAE 


(3. leucopus unknown) 


Sternite II-VII uniformly very weakly pigmented, or median part of anterior 
margin of II-IV only slightly more intensely pigmented than remainder of 
ventral surface. . . . I. ulopus 

Sternites II-[V (II-VIT) atk eee part of eee? bees ede pig- 
mented, conspicuously darker than the very weakly pigmented remainder 
OF Ventral SURACes ey os ee ee le es Ge oe, loneipes 


LARVAE 


(3. leucopus unknown) 


Seta 4-X usually 5-9b (3-12), rarely with alveolar plate; seta 6-I usually 6-10b 
(4-14); most comb scales usually with even fringe or with 1 or 2 apical ele- 
ments of fringe enlarged into smallspines . . . . . tL. ulopus 

Seta 4-X usually 10-15b (6-17), with alveolar plate; seta a I usually 11-14b 
(7-14); most comb scales usually with moderately large apical spine 

. 2. longipes 


1. Johnbelkinia ulopus (Dyar & Knab) 
Figs. 1, 3-7 


Lesticocampa ulopus Dyar and Knab 1906a:137-138. *TYPE: Holotype female, Blue- 
fields [Zelaya] , Nicaragua, W. F. Thornton [USNM, 10004]. Synonymized with longipes 
by Howard, Dyar and Knab (1915:172-174). NEW COMBINATION AND NEW STATUS. 
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1907. Lesticocampa culicivora Dyar and Knab 1907:207. *TYPE: Holotype female (11.30), Ta- 
bernilla, Canal Zone, Panama, reared from larva from flower bracts of Heliconia, 28 Apr 
1907, A. Busck [USNM, 10849]. Synonymized with longipes by Dyar (1923a:84-85). 
TRANSFERRED SYNONYMY. 


Trichoprosopon (Runchomyia) ulopus of Belkin, Schick and Heinemann (1965:42); Valencia 
(1973:14). 

Lesticocampa ulopus of Busck (1908:75-76); Theobald (1910:622); Stone and Knight (1957:119). 

Trichoprosopon (Runchomyia) culicivora of Belkin, Schick and Heinemann (1965:45, 58). 

Goeldia culicivora of Bonne-Wepster and Bonne (1921:17; 1922:38). 

Lesticocampa culicivora of Busck (1908:76); Theobald (1910:558); Martini (1914:65, 66); How- 
-ard, Dyar and Knab (1915:168-170); Stone and Knight (1957:119). 

Trichoprosopon (Runchomyia) longipes of Stone, Knight and Starcke (1959:76-77, in part); Faur- 
an (1961:14-15, in part); Stone (1963:121); Forattini (1965:169, 170, 172, 173, 174-175, 176, 
217, 291, in part); Cova Garcia, Sutil and Rausseo (1966a:66, 68, in part; 1966b:67, 131, 384- 
385, in part); Barreto-Reyes and Lee (1969:415); Belkin, Heinemann and Page (1970:14, 16, 
18, 19, 191); Kruijf (1972:50); Diaz Najera and Vargas (1973:124); Knight and Stone (1977: 
314, in part). 

Trichoprosopon (Rhunchomyia) longipes of Lane (1953:855-857, in part); Barreto-Reyes (1955: 
80); Trapido, Galindo and Carpenter (1955:531, 535, 537, 538, 539); Trapido and Galindo 
(1955:670); Floch (1956:35, 221, in part); Trapido and Galindo (1957:122, 125, 131); Cerque- 
ira (1961a:460; 1961b:154); Diaz Najera (1961:204); Morales and Vidales (1962:5, 10, 11); 
Diaz Najera (1966:63); Xavier and Mattos (1970:452; 1975:256; 1976:403). 

Trichoprosopon (Rhynchomyia) longipes of Diaz Najera (1963:192). 

Trichoprosopon (Hyloconops) longipes of Lane and Cerqueira (1942:525, in part); Anduze (1943: 
191); Lane (1945:133); Anduze, Pifano and Vogelsang (1947:12); Anduze (1947:351); Arnett 
(1949:244); Galindo, Carpenter and Trapido (1951:129). 

Trichoprosopon longipes of Galindo, Trapido and Carpenter (1950:549, 554); Horsfall (1955:317); 
Galindo (1958:436); Aitken (1960:4, 8); Maia (1963:91); Spence, Anderson et al. (1964:114); 
Porter (1967:39); Barr and Barr (1969:196); Forattini, Rabello and Cotrim (1970:79). 

Goeldia (Goeldia) longipes of Dyar (1923a:84-85; 1923b:174); Edwards (1932:72, in part); Lane 
(1939:162-163, in part); Floch and Abonnenc (1947:2-3, in part). 

Goeldia longipes of Bonne-Wepster and Bonne (1921:17; 1922:38); Evans (1923:110); Bonne-Wep- 
ster and Bonne (1923:124, in part); Dyar and Shannon (1924:483); Bonne and Bonne-Wepster 
(1925:144-146, in part); Dyar (1925:128-129; 1928:96-97, in part); Dunn (1929:500); Lima 
(1931:66-67); Edwards (1934:632); Komp (1936:60, in part); Lane (1936:7); Antunes (1937a: 
72-73, in part; 1937b:72); Patino Camargo (1937:242, in part); Boshell-Manrique (1938:415, in 
part); Kumm, Komp and Ruiz (1940:397); Anduze (1941:9); Floch and Abonnenc (1942b:2-3, 
in part); Floch (1955:315, in part); Horsfall (1955:319). 

Lesticocampa longipes of Howard, Dyar and Knab (1915:172-174). 

Goeldia trichopus of Bonne (1923:128-129); Bonne and Bonne-Wepster (1923:124, in part; 1925: 
141-143, in part); Shannon (1931:7). 

Trichoprosopon (Runchomyia) leucopus of Stone, Knight and Starcke (1959:76, in part); Cova 
Garcia, Sutil and Rausseo (1966a:67, 68, in part); Barreto-Reyes and Lee (1969:415); Diaz Na- 
jera and Vargas (1973:124); Knight and Stone (1977:314, in part). 

Trichoprosopon (Rhunchomyia) leucopus of Lane (1953:857-858, in part); Trapido and Galindo 
(1955:670); Trapido, Galindo and Carpenter (1955:531, 535, 537, 538, 539); Diaz Najera 
(1961:204; 1966:63). 

Trichoprosopon (Hyloconops) leucopus of Vargas and Martinez-Palacios (1953:300); Vargas (1956: 
33); Diaz Najera (1963:192). 

Trichoprosopon leucopus of Forattini (1965:172). 

Goeldia (Goeldia) leucopus of Dyar (1923a:86, in part). 

Goeldia leucopus of Bonne and Bonne-Wepster (1925:152, in part); Dyar (1925:129, in part; 1928: 
97-98, in part). 

Lesticocampa leucopus of Howard, Dyar and Knab (1915:170-172, in part). 
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Trichoprosopon (Runchomyia) hyperleucum of Stone, Knight and Starcke (1959:76, in part); 
Knight and Stone (1977:313, in part). 

Trichoprosopon (Rhunchomyia) hyperleucus of Lane (1953:858). 

Trichoprosopon (Hyloconops) hyperleucus of Lane and Cerqueira (1942:526-527). 

Trichoprosopon hyperleucum of Forattini, Rabello and Cotrim (1970:79). 

Lesticocampa rapax of Dyar and Knab (1906:137, in part). 

?Trichoprosopon (Runchomyia) longipes of Martinez and Prosen (1953:31); Morales-Ayala (1971: 
13}, 

?Goeldia longipes of Bonne (1923:129). 

?Trichoprosopon (R.) edwardsianus of Suarez (1963:239). 

?Trichoprosopon (Hyloconops) trichopus of Anduze, Pifano and Vogelsang (1947:12). 

?Goeldia (Goeldia) trichopus of Chagas, da Cunha et al. (1938:198, 202); Floch and Abonnenc 
(1947:3). 

?Goeldia trichopus of Kumm and Novis (1938:503, 512); Floch and Abonnenc (1942a:3; 1942b:3). 

?Trichoprosopon (Runchomyia) leucopus of Fauran (1961:14); Stone (1961:33); Morales-Ayala 
(1971:139); Kruijf (1972:50). 

?Trichoprosopon (Rhunchomyia) leucopus of Trapido and Galindo (1957:122, 124, 125, 128, 
131, 134, 135, 138); Xavier and Mattos (1975:256). 

?Trichoprosopon (Hyloconops) leucopus of Anduze (1947:351); Anduze, Pifano and Vogelsang 
(1947:12). 

?Trichoprosopon leucopus of Galindo and Trapido (1957:146). 

?Goeldia (Goeldia) leucopus of Floch and Abonnenc (1947:3). 

?Goeldia leucopus of Anduze (1941:9); Floch and Abonnenc (1942a:3; 1942b:3). 


FEMALE (fig. 3). Wing: 4.20mm. Proboscis: 4.02mm. Femur I: 3.27mm. Abdo- 
men: about 3.9mm. Thorax: Scutal scales usually moderately iridescent blue or 
blue-green, sometimes purple, yellow-green or green. Postnotum usually without 
scales. Pleural integument strongly darkened on ssp, psp, stp, mep and meron, or 
only weakly to moderately darkened on ssp and psp, or ssp, psp and stp. Legs: Leg 
III with or without outstanding scales; if present, varying from inconspicuous and re- 
stricted to tarsus 2-III to conspicuous and extending from apical 0.5 of tarsus 1-III 
to apex of 3-III. Tarsus II with streak of white scales on anterior and dorsal surfaces 
starting between base of 2-II and apical 0.6 of 3-II and extending to apex of 4-II or 
5-II; scales on ventral and posterior surfaces of same segments dark, tanish, partly 
white or entirely white. Tarsus III white scaled from apical 0.0-0.5 of 3-III or apical 
0.2-1.0 of 4-III to apex of 5-III. Wing: Upper calypter usually without setae, rarely 
with | seta. Abdomen: Sternites II-VII entirely light scaled or with some scales 
moderately to strongly darkened. 

MALE (fig. 3). Essentially as in female except for sexual characters. Head: Fla- 
gellum sparsely plumose, middle segments with about 14-18 bristles. Legs: Anterior 
claw I enlarged, with submedian crestlike swelling; anterior claw II enlarged, simple. 

MALE GENITALIA (figs. 4, 7). Segment IX: Tergite lobe about as long as wide. 
Setae of lobe 5-7 (4-8), moderately to strongly developed, flattened apically, with 
long, filamentous apical prolongation. Sternite U-shaped. Sidepiece: Slender. Den- 
sest region of basal tergal setae distad of level of apex of basal mesal lobe. Basal ster- 
nomesal setae 2-5, short to long, curved at apex; strongly developed medial sterno- 
mesal setae 1-7. Basal Mesal Lobe: Crescentic to nearly semicircular; setae directed 
caudad, curved or weakly sinuous at apex. Clasper: Moderately long to long; with- 
out basal constriction; uniformly slender beyond base; with several fine setae apical- 
ly. Spiniform straight, stout or slender. Phallosome: Aedeagus weakly pigmented; 
distal lateral margin partly concave in dorsal aspect; distal end of submedian tergal 
arm nearly parallel with mate; apical tergal arm without dorsal preapical teeth or 
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sclerotized apical process. Proctiger: Paraproct with 4 or 5 (3-6) moderately large, 
dorsally curved apical teeth and with serrulate or crenulate, moderately sclerotized 
apical lamella mesad of apical teeth that does not project beyond teeth. Cercal scler- 
ite present, elongate. : 

PUPA (fig. 4). Abdomen: 4.7mm. Trumpet: 0.55mm. Paddle: 0.68mm. Cepha- 
lothorax: Very weakly pigmented. Trumpet: Very weakly to weakly pigmented, 
sometimes becoming slightly darker distad. Abdomen: Very weakly pigmented; 

sternites II-VII uniformly pigmented or median part of anterior margin of II-IV only 
_ slightly more intensely pigmented than remainder of ventral surface. Terminal Seg- 
ments: Male genital lobe moderately large, its width usually less than 0.50 (0.41- 
0.54) of segment VIII. Paddle: Very weakly pigmented. Index usually 1.22-1.42 
(1.11-1.84). 

LARVA (fig. 5). Head: 1.30mm. Siphon: 1.21mm. Anal Saddle: 0.28mm. 

Head: Very weakly pigmented, collar darker. Mental plate with 10-12 (10-13) teeth 
on each side of median tooth. Antenna: Often with a few to numerous small spic- 
ules medially. Abdomen: Seta 6-I usually 6-10b (4-14); seta 6-II usually 8-11b (5- 
15); seta 6-III usually 7-10b (5-12). Segment VIII: Comb scales usually 37-57 (21- 
76); most comb scales of patch usually with even fringe or with 1 or 2 apical ele- 
ments of fringe enlarged into small spines. Siphon: Very weakly pigmented, becom- 
ing slightly darker distad. Straight or weakly to moderately curved dorsad distally. 
Seta 1-S inserted 0.42-0.61 distance from base of siphon. Accessory midventral setae 
(la-S) usually 23-28 (20-30). Anal Segment: Saddle very weakly pigmented, indis- 
tinct. Seta 3-X usually 3-6b (2-8). Seta 4-X moderately to strongly developed, usual- 
ly 5-9b (3-12), rarely with alveolar plate. 

SYSTEMATICS. Johnbelkinia ulopus may be distinguished by the following char- 
acters: in the adult from longipes and leucopus by: (1) usual absence of setae on up- 
per calypter of wing and (2) moderately iridescent blue, blue-green, green, purple or 
yellow-green scales on scutum; in the male genitalia from Jongipes and leucopus by: 
(1) crescentic to nearly semicircular shape of basal mesal lobe, (2) caudally directed 
setae of basal mesal lobe that are curved or only weakly sinuous at apex and (3) loca- 
tion of densest region of basal tergal setae distad of level of apex of basal mesal lobe; 
in the pupa from Jongipes by: (1) uniformly or nearly uniformly very weakly pig- 
mented sternites and (2) smaller male genital lobe that is usually less than 0.50 width 
of segment VIII; and in the larva from longipes by: (1) usually fewer branches, 5-9 
(3-12), in seta 4-X, (2) usual absence of an alveolar plate for seta 4-X, (3) usually 
fewer branches, 6-10 (4-14), in seta 6-I and (4) shape of comb scales, which are usual- 
ly evenly fringed or have one or two apical elements of fringe enlarged into small 
spines. Johnbelkinia ulopus may be further distinguished from longipes, with which 
it is sympatric in parts of South America, by the following additional adult charac- 
ters: (1) less plumose flagellum in male, (2) submedian crestlike swelling on anterior 
claw I of male, (3) enlarged anterior claw II of male, (4) usually lighter abdominal 
sternites in female and (5) usual absence of outstanding scales on tibia III and basal 
0.5 of tarsus 1-III. 

There is a considerable amount of variation in this species, with much of it being 
geographical. In the adults, the integument of mep and the meron is strongly dark- 
ened in specimens from Nicaragua, Costa Rica, Panama, Colombia and the Pacific ver- 
sant of Ecuador; tarsus II is darkest in specimens from Nicaragua, Costa Rica, western 
Panama and the Atlantic versant of Colombia; leg III is without outstanding scales or 
with only inconspicuous to moderately conspicuous outstanding scales in specimens 
from Nicaragua, Costa Rica and western Panama; and tarsus III is darkest, with seg- 
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ment 4 dark in the basal 0.3-0.6, in specimens from Nicaragua, Costa Rica, western 
Panama and Colombia. Specimens from north of the area indicated in Central Amer- 
ica and south and east of the areas indicated in South America have a lighter integu- 
ment on mep and the meron, more extensively light scaled tarsi II and III, and usual- 
ly more conspicuous outstanding scales on leg III. All four of the variations mention- 
ed reach their most extreme expression in Nicaragua, Costa Rica and western Panama, 
precisely the area in which ulopus is sympatric with leucopus, a species with strongly 
darkened integument on mep and the meron, with the darkest tarsi II and HI known 
in the genus, and without outstanding scales on leg III. This appears to be another 
example of species being more similar in their area of sympatry than elsewhere. I 
have reported similar observations in the genera Orthopodomyia (Zavortink 1968:12- 
13) and Aedes (Zavortink 1972:22, 51). Now, as in the past, I consider the most rea- 
sonable explanation for this phenomenon to be introgressive hybridization. 

In the male genitalia, the basal sternomesal setae of the sidepiece are 3 or 4, mod- 
erately strong, short and do not arise on a swelling in specimens from Nicaragua, Cos- 
ta Rica, western Panama, Trinidad and French Guiana; these setae are more strongly 
developed and longer in specimens from central and eastern Panama and Venezuela; 
and are 4-7, strongly developed, long and arise on a swollen lobe in specimens from 
the Pacific versant of Colombia and Ecuador. The medial sternomesal setae of the 
sidepiece are usually 4-7 in all areas mentioned above except the Pacific versant of 
Colombia and Ecuador, where they are absent or reduced to 1. The clasper is rela- 
tively long in all known populations except the one in Pacific coastal Ecuador, where 
it is shortened. Setae of the basal mesal lobe, which are usually relatively short and 
only curved at the apex, are longer and weakly sinuous at the apex in specimens from 
the Pacific part of Colombia and Ecuador. The two extremes in variation in the male 
genitalia are illustrated, the topotypic Nicaraguan population in Fig. 4, and the Paci- 
fic Ecuadorian population in Fig. 7. I consider the Nicaraguan form to be the more 
primitive, because of its disjunct distribution in Central America and northeastern 
South America, and the Ecuadorian to be the most derived. This interpretation is 
subject to change, though, when the genitalia become known for the northern Cen- 
tral American populations and the more southern South American populations. It is 
perhaps significant that the Nicaraguan form, with short basal sternomesal setae, 4-7 
medial sternomesal setae, and short and slightly curved basal mesal lobe setae, is 
known from areas where ulopus occurs with or near leucopus or longipes, both of 
which have longer basal sternomesal setae, 0-4 medial sternomesal setae and longer, 
sinuous basal mesal lobe setae. Such morphological divergence in areas of sympatry 
suggests character displacement. I believe it fully possible that both character dis- 
placement and introgressive hybridization could occur, in different characters of 
course, between the same species. 

In the larva, many specimens from Trinidad, Tobago and the Guianas have an en- 
larged spine at the apex of the comb scales, an alveolar plate at the base of seta 4-X 
and more than the usual number of branches in setae 6-I and 4-X. In these features, 
these larvae resemble longipes, which occurs throughout much of this same region. 
Again, introgressive hybridization is a possible explanation for this pattern of varia- 
tion. 

The third instar larva of ulopus, illustrated in Fig. 6, differs from the fourth instar 
in several notable features. The maxilla is relatively longer, the prothorax has a large 
sclerotized plate anterolaterally, setae 5,6-P are very strongly developed and the ter- 
minal abdominal segments are spiculose. The second instar larva, parts of which are 
shown in Fig. 7, has some even more remarkable features. The maxilla is extremely 
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long and lacks apical spines and the spicules of the siphon are enlarged, resemble pec- 
ten teeth and are restricted to a broad stripe of several rows on each side. This instar 
resembles the third in development of the prothoracic plate, strength of 5,6-P and 
presence of spicules on the body. As in the case of the second instar larva of Runch- 
omyia magna, setae 8-M and 7-T are absent. 

Several artifacts are shown in the illustration of the male genitalia of ulopus from 
coastal Ecuador (Fig. 7). In the undissected genitalia the appearance of the aedeagus 
and proctiger is unusual because the phallosome in partly everted. In the case of the 
- dissected parts, the lateral aspect of the proctiger is unusual because this piece is part- 
ly rotated. 

BIONOMICS. The immatures of ulopus are represented in more than 125 collec- 
tions made for the project ““Mosquitoes of Middle America.’ Eighty percent of these 
collections are from leaf axils, 17% from flower bracts of Heliconia and 3% total 
from treeholes, fallen cacao fruits and fallen palm spathes. Of the more than 100 
collections from leaf axils, 62% are from axils of plants in the family Araceae (vari- 
ously listed on the record forms as Colocasia, Dieffenbachia, Montrichardia, Xantho- — 
soma, alispata, elephant ear, taro or Araceae), 25% are from Strelitziaceae (listed as 
Heliconia or platanillo), 8% are from Marantaceae (listed as Calathea or Marantaceae), 
3% are from Bromeliaceae (listed as bromeliad) and 2% are from Musaceae (listed as 
wild banana). Galindo, Carpenter and Trapido (1951:129) reported the larvae (as 
longipes) from many of these same habitats and also from the leaf axils of Caladium 
(Araceae) and the flower bracts of Calathea. Bonne’s report (1923:129) of longipes 
larvae from the leaf bases of Heliconia and Ravenala (probably Phenakospermum gui- 
anense, Strelitziaceae) may refer to ulopus in part. 

Larvae of ulopus have been reported as being predaceous, particularly on the lar- 
vae of Wyeomyia, by Busck (1908:75-76, as ulopus and culicivora), Howard, Dyar 
and Knab (1915:168-170, as culicivora) and Galindo, Carpenter and Trapido (1951: 
129, as longipes). Additional reports of predation on Wyeomyia by larvae of longi- 
pes by Bonne (1923:129) and Bonne-Wepster and Bonne (1925:144-146) may refer 
to ulopus in part. 

Most adults collected for the project “Mosquitoes of Middle America’’ were ob- 
tained resting, particularly in forested areas, between the hours of 0700 and 1300 or 
in biting-landing collections with human bait between the hours of 0800 and 1800. 
A few have been obtained in Shannon, light or ‘“mouse-baited”’ traps. 

Edwards (1934:632) reported the capture of an adult [male] of ulopus (as longi- 
pes) from the flowers of Matayba inelegans in Guyana and Bonne (1923:128-129) re- 
ported the capture of a male (as trichopus) in a house in Surinam. Barreto-Reyes and 
Lee (1969:415) noted this species (as Jongipes and leucopus) carrying the eggs of 
Dermatobia hominis in Colombia. Antunes’s report (1937a:72-73) that one of 150 
adults of Jongipes caught at Restrepo, Colombia, carried the eggs of D. hominis and 
that the species had a “special predilection” for biting the noses of horses refers in 
part to ulopus. The reports of Floch and Abonnenc (1947:2-3) that longipes adults 
are sometimes found in agglomerations in the forest in French Guiana and of Kumm 
and Novis (1938:503, 512) that Jongipes females have been taken in traps baited with 
agoutis and “‘other wild animals” in Brazil may refer in part to ulopus. 

Large numbers of ulopus have been reported (as Jongipes and leucopus) as being 
attracted to human subjects during the day and predominantly at ground level in 
studies conducted in western Panama and Costa Rica by Trapido, Galindo and Car- 
penter (1955:531, 535, 537, 538, 539), in western Panama by Trapido and Galindo 
(1957:122, 124, 125, 128, 131, 134, 135, 138), in Honduras by Trapido and Galin- 
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do (1955:670), in Nicaragua by Galindo and Trapido (1957:146) and in Colombia 
by Barreto-Reyes and Lee (1969:415). Although the single specimen previously de- 
termined as Jeucopus from the Gorgas Memorial Laboratory collection that I exam- 
ined was actually ulopus, it is possible that Jewcopus is represented in the material 
collected in some of the studies by Galindo and associates. 

Aitken (1960:4, 8) reported the isolation of the arbovirus TR8349 from ulopus 
(as longipes) in Trinidad and Spence, Anderson et al. (1964:114) reported the isola- 
tion of Triniti virus from a mixed pool of trichoprosopons that included two ulopus 
(as longipes) that had been captured at human bait in the Arena Forest of Trinidad, 
31 May 1955, between 1745 and 1915 hours. Barreto-Reyes and Lee (1969:415) al- 
so reported the isolation of arbovirus from this species (as Jongipes and leucopus) in 
Colombia. 

DISTRIBUTION. Johnbelkinia ulopus extends from Veracruz and Oaxaca in 
southern Mexico southward into the northern half of South America. In South 
America, I have seen specimens from near the Pacific coast in Colombia and Ecuador, 
near the Caribbean coast in Colombia and Venezuela, and along the Atlantic coast in 
Trinidad, the Guianas and the Brazilian states of Para and Bahia. Inland, I have seen 
specimens from only Boyaca and Meta, Colombia, but Cerqueira (1961b:154) re- 
cords this species (as Jongipes) from the Brazilian states of Amazonas and Mato Gros- 
so. Lane (1953:857) recorded ulopus (as longipes) from Cuba, and this record has 
been repeated by others (Stone, Knight and Starcke 1959:76; Porter 1967:39). I 
have not seen the specimen upon which this record is based, and, like Belkin, Heine- 
mann and Page (1970:191), I believe this record is doubtful. Material examined: 
1681 specimens; 276 males, 477 females, 578 larvae, 350 pupae; 311 individual rear- 
ings (153 larval, 129 pupal, 29 incomplete). 

BRAZIL. Bahia: Ilheus, July 1930, N. C. Davis, R. C. Shannon, 1F [USNM]. Para: Belem, 
IPEAN, Mocambo Forest, 1970, T.H.G. Aitken (BRA 49), 1L [UCLA]. Curralinho, Nov 1935, 1F; 
Jan 1936, 1F; date unspecified, 1F, 1L [USNM] ; date unspecified, H.W. Kumm, 5F [BM]. Curra- 
linho, Campinho, H. W. Kumm, 1F [BM]. Curralinho, Furo Pruana, 1F [USNM]. Curralinho, Rio 
Canaticu, 1F [USNM]. Curralinho, Rio Pariacasinho, 2F [USNM]. Vigia, Vigia, June 1935, 1F 
[BM]. 

COLOMBIA. Boyaca: Chiquinquira, Pauna, Feb 1937 (COR 1346), 1F; ?Feb 1937 (COR 
1347, 1350), 2F [UCLA]. ?Muzo, 1936 or 1937 (COR 1249, 1252, 1254, 1255, 1256, 1257, 
1259, 1260), 19F [UCLA]. Meta: ?Chipadera, Nov 1936 (COR 107), 1F [UCLA]. Restrepo, Dec 
1941, P.C.A. Antunes, 1F [FH]. Villavicencio, Bosque Ocoa, 14 June 1944 (COK 44), 1F [UCLA]. 
Locality unspecified, 20 Nov 1936 (COR 119), 2F; 20 Oct 1936 (COR 128), 1F; 21 Oct 1936 
(COR 130), 8F; 23 Oct 1936 (COR 133), 1F; 27 Nov 1936 (COR 161), 1F;4 Dec 1936 (COR 164, 
165), 2F [UCLA]. Narino: Gorgona I., July 1924, L. E. Cheesman, 1F [BM]. Norte de Santan- 
der: Villamizar, Zulia River, L.H. Dunn, 1F [USNM]. Valle del Cauca: Buenaventura (20km S), 
Rockefeller Foundation Virus Field Station (W), 24 Mar 1966, V. H. Lee (COL 152), 1 IpM (152- 
10), 3 pM (152-100-102), 5L [UCLA]. Darien, New Calima Dam (200m W), 31 Aug 1965, J. N. 
Belkin, V. H. Lee (COL 120), 1 IpF (120-10), 1 pF (120-100), 1P [UCLA]. Locality unspecified: 
(COR 487, 491, 521, 523), 6F [UCLA]. 

COSTA RICA. Alajuela: Higuito, near San Mateo, P. Schild, 3M, SF [USNM]. Orotina, 1F 
[USNM]. Cartago: La Suiza, P. Schild, 1M [USNM]. Turrialba, 5 Aug 1963, C. L. Hogue, 1F 
[UCLA] ; 5 June 1951, O. L. Cartwright, 5F [USNM] ; June 1954, P. A. Buxton, 1F [BM]. Limon: 
Limon (8km S), Beverly (W), 15 Dec 1971, D. and K. Schroeder (CR 556), 1 IpM (556-10), 6 IpF 
(556-11, 14-18), 1 Ip (556-12), 3 pM (556-101, 103, 104), 2P, 3L [UCLA]. Limon (8km S), Bom- 
ba (1.8km E), 3 Oct 1971, D. and K. Schroeder (CR 466), 3 IpM (466-11, 14, 15), 3 IpF (466-10, 
12, 13), 2 pM (466-100, 101), 2L [UCLA]. Liverpool, H. W. Kumm, 1F [BM]. Pandora, 29, 30 
Apr 1964, F. S. Truxal, 1F [LACM]. Siquirres, 1F [USNM]. Zent (8km E), 17 Dec 1971, D. 
Schroeder (CR 565), 1 lpM (565-10), 1 IpF (565-11), 4 pM (565-100-102, 104) [UCLA]. Zent, 
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about half way to Boston, 12 Dec 1971, D. and K. Schroeder (CR 541), 1 IpM (541-15), 3 IpF 
(541-11, 14, 16), 2 lp (541-12, 13), 1 pM (541-102), 3 pF (541-100, 103, 104), 2L [UCLA]. 
Puntarenas: Golfito (near), 9 July-1 Aug 1972, A. Menke, F. Truxal (CR 172), 1M [UCLA]. Osa 
Peninsula, Rincon, 1 July 1963, C. L. Hogue (CR 140), 1 lpF (140-301) [UCLA]. 

ECUADOR. Bolivar: Balzapamba, F. Campos, 1M [USNM]. Canar: Cochancay, km 86 Hwy 
8, 13 Feb 1966, J. N. Belkin, E. J. Gerberg (ECU 164), 1 lpF (164-20), 1M; same data (ECU 165), 
1 lpF (165-11), 1L [UCLA]. Los Rios: Pichilingue, 15-19 Oct 1944, E. J. Hambleton, 1F [USNM]. 

Valencia, 1M [USNM]. Locality unspecified: Aug 1938, Hanson, 1F; 26 July 1938, 1M [UCLA]; 
4M [USNM]. 

FRENCH GUIANA. Guyane: Cayenne, foret de Cabassou, 28 Nov 1967, J. Clastrier (FGC 
3287), 1F; 18 July 1968, J. Clastrier (FGC 429-1), 1M; 12 July 1968, J. Clastrier (FGC 3911), 1F 
[UCLA]. Cayenne, foret de la Chaumiere, 13 Mar 1968, J. Clastrier (FGC 3318), 1 pF (3318-10) 
[UCLA]. Remire, near Lac du Rorota, 8 Mar 1967, R. X. Schick (FG 110), 1 lpF (110-10), 1 pM 
(110-100) [UCLA]. Inini: Saul, upper Fleuve Mana, near Placer Souvenir, 29 June 1952 (FGA 
189), 4F [UCLA]. Saut Bief, Apr 1940, 3F [UCLA]. Locality unspecified: J. Clastrier, 1F 
[UCLA]. 

GUYANA. Demerara: Georgetown, 1.5km N of Central Horticultural Station on road from 
Atkinson Field, 10 Nov 1967, R. X. Schick, P. Rauch, R. Hansell (GUY 53), 2 IpF (53-10, 24) 
[UCLA]. Essequibo: Essequibo River, Moraballi Creek, 23 Aug 1929, 1M [BM]. Issororo, G. E. 
Bodkin, G. M. Vevers, 1F [BM]. Locality unspecified: Nov 1909, L. D. Cleare, 1F [BM]. 

HONDURAS. Atlantida: Tela, Lancetilla, Tela Railroad Co. grounds, 13 Aug 1964, A. Quino- 
nez (HON 26), 1 lpF (26-11), 1L; 17 Aug 1964, A. Quinonez, V. P. Cowsill (HON 44), 2 pF (44- 
100, 101), 7L [UCLA]. 


que, 5 Sept 1959, J. Rene Zurita, 3F [ISET] ; 19 July 1970, D. and K. Schroeder (MEX 580), 2F 
[UCLA]. Oaxaca: Valle Nacional (above), 12 May 1963, 1F [USNM]. Tabasco: Teapa, ?Samun, 
8 Dec 1954, M. Figueroa, 1F [ISET]. Veracruz: Cardenas, Texistepec, 24 Mar 1960, R. Zurita, 1F 
[ISET]. Moloacan, 26 Nov, 10 Dec 1959, J. Lopez B., 3F; 5 Jan 1960, J. R. Zurita, 1F [ISET]. 
St. Lucrecia, 21 June 1905, F. Knab, 1F [USNM]. 

NICARAGUA. Zelaya: Bluefields, W. F. Thornton, 8F (includes ulopus holotype) [USNM]. 
Bluefields, Bluefields Airport, 15 July 1964, A. Quinonez (NI 49), 1 IpF (49-20), 1 lp (49-21), 2L 
[UCLA]. Bluefields, Cemetery (1.5km W), 23 Nov 1971, D. and K. Schroeder (NIC 82), 2F 
[UCLA]. Bluefields (4km S), Punta Masaya, 27 Nov 1971, D. and K. Schroeder (NIC 113), 1F; 
same data (NIC 116), 1 lpM (116-21), 1 IpF (116-20) [UCLA]. Bluefields, Rio Escondido, 17 July 
1964, A. Quinonez (NI 52), 2 pM (52-103, 107); same data (NI 54), 1P, 3L; same data except 18 
July 1964 (NI 56), 3 lpF (56-15, 18, 19), 1 pM (56-103), 1 pF (56-112), 1 lp (56-16), 1P, 4L 
[UCLA]. 

PANAMA AND CANAL ZONE. Bocas del Toro: Almirante, 30 Apr 1963, A. Quinonez (PA 
289), 2 IpF (289-107, 108), 2 pM (289-101, 103), 2 pF (289-104, 106), 1 lp (289-102), 2P, 4L 
[UCLA]. Almirante (15km SW), 2 May 1963, A. Quinonez (PA 303), 1 pM (303-102), 1 pF (303- 
101), 1P, 2L [UCLA]. Almirante, Crematory, 27 Apr 1963, A. Quinonez (PA 265), 1 pF (265- 
114) [UCLA]. Almirante, farm near, 14, 15 Apr 1964, A. Quinonez (PA 665), 1L [UCLA]. Al- 
mirante, 14% mile swamp, 4 May 1963, A. Quinonez (PA 310), 1F [UCLA]. Almirante, Milla 2, 9 
May 1963, A. Quinonez (PA 342), 1F [UCLA]. Almirante, Oil Tank, 27 Apr 1963, A. Quinonez 
(PA 261), 1 lp (261-103), 2P, 3L [UCLA]. Almirante (1-4km W), Quebrada Nigua, 27 Apr 1963, 
A. Quinonez (PA 256), 1 IpF (256-105), 3 pM (256-103, 104, 110), 1 pF (256-109), 1 Ip (256- 
112), 1L [UCLA]. Almirante, Repressa, 15 Apr 1964, A. Quinonez (PA 667), 1M [UCLA]. Chir- 
iqui Grande, Mata de Cacao, 17 Apr 1963, A. Quinonez (PA 220), 7M; same data (PA 221), 1 pM 
(221-101), SL; same data (PA 224), 1 lp (224-105); same data except 21 Apr 1963 (PA 246), 1M, 
1F [UCLA]. Chiriqui Grande, Punta de Pena, 14 Apr 1963, A. Quinonez (PA 193), 2 lpF (193- 
101, 102), 5L, 1P [UCLA]. Isla Colon, Bocas del Toro (2km N), Big Creek, 10 Apr 1964, A. Qui- 
nonez (PA 655), 1 IpF (665-102), 1P, 1L; same data except 11 Apr 1964 (PA 657), 1 IpF (657- 
112), 1 pM (657-113), 2 pF (657-107, 114), 1L [UCLA]. Punta de Pena, Chiriquicito, 14 Apr 
1963, A. Quinonez (PA 192), 1 pM (192-101), 4L; same data except 19 Apr 1963 (PA 232), 1 lpF 
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(232-101), 3L, 1P; same data except 22 Apr 1963 (PA 249), 3F; same data except 22 Apr 1963 
(PA 250), 1F; same data except 23 Apr 1963 (PA 251), 1M, 5F; same data except 23 Apr 1963 
(PA 252), 2F [UCLA]. Punta de Pena (3km S), El Guabo, 14 Apr 1963, A. Quinonez (PA 196), 

1 IpM (196-121), 1P; same data (PA 199), 2 IpF (199-101, 103), 1 pM (199-102), 2F, 1P; same da- 
ta (PA 201), 1 IlpM (201-103), 1 lpF (201-105), 2 pF (201-101, 102), 1 lp (201-106), 7L, 3P; same 
data except 15 Apr 1963 (PA 202), 2 pM (202-101, 102), 1L; same data except 16 Apr 1963 (PA 
208), 1F [UCLA]. Punta de Pena, Kaysan, 16 Apr 1963, A. Quinonez (PA 214), 2L; same data 
except 18 Apr 1963 (PA 227), 1 lpM (227-103), 1 pM (227-102), 1 pF (227-101), 5L; same data 
except 19 Apr 1963 (PA 239), 1 pM (239-102), 1 lp (239-101), 2L; same data except 20 Apr 1963 
(PA 244), 5M, 2F [UCLA]. Locality unspecified, 25 Sept 1903, P. Osterhout, 1M, 1F [USNM]. 
Canal Zone: Ancon, 15 Jan 1916, L.H. Dunn, 1M [USNM]. Balboa, Corozal Dam site, 18 Sept 
1943 (KO 30-21), 1F [UCLA]. Balboa, Orchid Gd., 3 Jan 1943, 1M [USNM]. Buenos Aires, San- 
ta Rosa, 19 July 1972, J. H. Arnell, R. Hinds (PA 1135), 1 lp (1135-11), 1L [UCLA]. Camp Gail- 
lard, 3 Jan-26 Dec 1925, D. Baker, 3M, 9F; 1 Jan 1925, J. B. Shropshire, 2F; thru C. S. Ludlow, 
1M [USNM]. Cano Saddle, Gatun Lake, 10, 15 Aug 1923, H. G. Dyar, R. C. Shannon, 1M, 1F; 
May-Sept 1923, R. C. Shannon, 4F [USNM]. Chilibre, Juan Mina, 20 July 1972, J. H. Arnell, R. 
Hinds (PA 1138), 1F [UCLA]. Chilibre, Rio Chilibre, 21 Jan 1963, A. Quinonez (PA 26), 1 IpF 
(26-106) [UCLA]. Corozal, 19 Aug 1913, 6 Dec 1919, J. Zetek, 1M, 1F; 24 Jan 1925, D. Baker, 
1F [USNM]. Culebra, Nov 1924, 19 Dec 1925, D. Baker, 1M, 5F; 1918, L. H. Dunn, 2M, 1F; 14 
Jan 1923, 24 Nov 1924, J. B. Shropshire, 1M, 3F; 30 Dec 1920, thru C. S. Ludlow, 1M [USNM]. 
Empire, 29 Nov 1925, D. Baker, 1M, 1F;6 Jan, 10 Dec 1923, J. B. Shropshire, 2M, 2F; 1918, L. H. 
Dunn, 1M [USNM]. Fort Clayton, 17 Jan 1925, D. Baker, 1F [USNM];5 Nov 1944, K. E. Frick, 
1M [CAS]; 5 Mar, 13 Jan, 2M, 6F [USNM]. Fort Clayton (4km N), Chiva Chiva, 10 Nov 1965, A. 
Quinonez (PA 765), 1F, 1P, 1L; same data (PA 766), 1P [UCLA]. Fort Clayton, Chiva Chiva, 3.4 
km N of Hwy C2 on Hwy C21, 12 Nov 1965, R. X. Schick, A. Quinonez (PA 776), 4 lpM (776-10, 
11, 13, 20), 1 lp (776-14), 1L [UCLA]. Fort Davis, 10 Oct 1924, 18 Mar, 25 July 1925, D. Baker, 
1M, 2F; 23 Dec, thru C. S. Ludlow, 1M, 2F; 23 Dec, 4M, 4F [USNM] ; 12 Mar, 28 May 1951, 3F 
[UCLA]. Fort Randolph, 2F [USNM]. France Field, 20 Aug 1923, H. G. Dyar, R. C. Shannon, 
1F; 18 Jan 1925, D. Baker, 1M, 1F [USNM]. Frijoles, Barro Colorado Island, 3 Dec 1965, A. Qui- 
nonez (PA 851), 1 lpM (851-10); same data (PA 853), 2 lpM (853-10, 12), 1F, 1P, 1L; same data 
except 4 Dec 1965 (PA 862), 1 lpM (862-15) [UCLA]. Gamboa, 22 Jan 1963, J. Labastid (CZ 4), 
1 lpF (4-101); same data (CZ 5), 1 lpF (5-101); same data (CZ 6), 1 IpM (6-102), 2 lpF (6-103, 
105), 3 pM (6-106, 115, 126), 1 pF (6-107), 1 P, 3L; same data (CZ 9), 1 IpF (9-101), 3L; same da- 
ta (CZ 10), 1 pM (10-103), 1L; 24 Jan 1963, M. Keenan (CZ 11), 1 pF (11-102), 4L [UCLA]. 
Gamboa (15km NW), Frijoles, 1 Dec 1965, R. X. Schick, A. Quinonez (PA 843), 1 IpM (843-13), 1 
IpF (843-12), 1 pM (843-100), 2 lp (843-10, 11); same data (PA 846), 1 lpM (846-10), 1 pM (846- 
101), 1 pF (846-100), 1M, 1P [UCLA]. Gamboa, Summit, 12 Jan 1943 (KO 23-9), 1M [UCLA]. 
Gatun, 11 Mar 1908, June 1909, A. H. Jennings, 2F; 10 Dec 1921-Sept 1924, J. B. Shropshire, 2M, 
SF; 21 Aug 1913, J. Zetek, 1M; 20 Sept, 6 Dec 1924, D. Baker, 1M, 2F; 24 Oct 1921, 29 Oct, 7 
Jan, 2M, 3F [USNM]. Gorgona, 7 Feb 1908, A. H. Jennings, 1M, 1L [USNM]. La Pita, 26 Jan 
1922, J. B. Shropshire, 1M [USNM]. Las Cascadas, 2 Feb 1908, Bath, 1M [USNM]. Lion Hill, A. 
Busck, 2F [USNM]. Majagual, 20 Jan, 3 Feb 1923, J. B. Shropshire, 1M,3F [USNM]. Margarita, 
27 Jan 1923, J. B. Shropshire, 1F [USNM]. Miraflores, 10 Oct 1921, J. B. Shropshire, 1M, 3F 
[USNM]. Monte Lirio, 10 Dec 1921, J. B. Shropshire, 1F [USNM]. Nuevo Emperador (2km NE), 
Hwy K16 1.1km NW of Hwy K19, 23 Nov 1965, A. Quinonez (PA 831), 2 IpM (831-10, 11), 1 IpF 
(831-12), 1L; Nuevo Emperador (5km E), Hwy K10 3.5km NW of Hwy K15, 23 Nov 1965, A. Qui- 
nonez (PA 822), 1 IpF (822-10), 1 pM (822-100), 1P, 1L; Nuevo Emperador (5km NE), junction of 
Hwys K10 and K19, 23 Nov 1965, A. Quinonez (PA 828), 1 lpF (828-10); same data (PA 829), 1 
pF (829-100); Nuevo Emperador (6km N), Hwy K16 2.7km N of Hwy K16A, 7 Dec 1965, A. Qui- 
nonez (PA 869), 1L; Nuevo Emperador (7km N), old Hwy K16 5.3km N of Hwy K16A, 7 Dec 
1965, A. Quinonez (PA 874), 1 lpM (874-10) [UCLA]. Paraiso, 1916, 1918, L. H. Dunn, 1M, 1F; 
6 Oct 1913, J. Zetek, 1F [USNM]. Paraiso (across Canal from), Hwy K15 between Hwys K2 and 
K6, 21 Nov 1965, A. Quinonez (PA 804), 1 lpF (804-10) [UCLA]. Paraiso (3km NW), Culebra, 13 
Dec 1965, R. X. Schick (PA 899), 1 lpF (899-10); Paraiso (2km NW), Culebra, 13 Dec 1965, R. X. 
Schick, A. Quinonez (PA 900), 1 IpM (900-10), 1L [UCLA]. Porte Grande, 13, 27 Jan 1923, J. B. 
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Shropshire, 3M [USNM]. San Pablo, 12 Feb 1908, A. H. Jennings, 1F [USNM]. Santa Rosa, 
Orange Plantation, 17 Nov 1936, L. E. Rozeboom (PAR 37), 2M [UCLA]. Summit, Oct 1946, N. 
L.H. Krause, 1F [USNM]; 1 Nov 1939-17 Aug 1941, 4M [USNM] ; 12 Jan 1943, W.H.W. Komp 
(KO 43), 2L [USNM] ; 1 Oct-3 Nov 1939, 11M, 10F [UCLA]. Summit (across Canal from), Em- 
pire Firing Range, 18 Nov 1965, A. Quinonez, R. X. Schick (PA 796), 1L [UCLA]. Summit, Mad- 
den Forest Preserve, Las Cruces Trail, 17 Sept 1964, A. Quinonez (PA 708), 1 lpF (708-10), 1 pM 

~ (708-100); Summit, Madden Forest Preserve, Hwy C25 at Las Cruces Trail, 31 Oct 1965, J. N. Bel- 
kin, R. X. Schick, M. Moody (PA 735), 1M, 1P, 1L; Summit, Madden Forest Preserve, S of junc- 
tion of Hwy C25 and Las Cruces Trail, 31 Oct 1965, J. N. Belkin, R. X. Schick, M. Moody (PA 
736), 1 IpM (736-20), 1 pM (736-102); Summit, Madden Forest Preserve, Hwy C25 3.7km N of 
Hwy C2, 15 Nov 1965, R. X. Schick, A. Quinonez (PA 787), 2 lpM (787-10, 20), 2 lpF (787-22, 
24), 2 pM (787-103, 105), 2 pF (787-102, 104), 2P, 18L; Summit, Madden Forest Preserve, S of 
Green Park, 16 Nov 1965, M. Moody, A. Quinonez (PA 794), 2 pM (794-100, 101), 8L [UCLA]. 
Tabernilla, 28 Apr 1907, A. Busck, 1F (culicivora holotype); 4 Feb, 12 Mar 1908, A. H. Jennings, 
2M, 1F; A. Busck, 1M [USNM]. Toro Point, 22 July 1922, 12 Jan 1923, J.B. Shropshire, 2M, 2F 
[USNM], 1F [CU]. Locality unspecified, “Atlantic side,” 1F [UCLA]. Locality unspecified, 
1920, 1M; A. H. Jennings, 1M; 14 Feb 1924, 1M, 1F; 14 Feb 1924, thru C. S. Ludlow, 1M, 1F 
[USNM]; 1916, L. P. Dunn, 1F [CU]. Chiriqui: David, 19 July 1920, 1F [USNM]. The Falls, 11 
Nov 1949, SF [UCLA]. Colon: Colon, Cativa, 22 Nov 1965, R. X. Schick, A. Quinonez (PA 806), 
1 IpF (806-10) [UCLA]. Palmas Bellas, Pina, 30 Nov 1963, A. Quinonez (PA 575), 2L; same data 
(PA 576), 3L [UCLA]. Portobelo, Mar 1941, A. Busck, 1F; 1 Sept 1923, H. G. Dyar, R. C. Shan- 
non, 1F [USNM]; 4 Dec 1963, A. Quinonez (PA 580), 1 lpF (580-113); same data (PA 583), 1 pM 
(583-101), 1 pF (583-102); same data (PA 584), 1 lp (584-101); same data except 6 Dec 1963 (PA 
593), 1 lpM (593-106), 1 pM (593-107), 1 pF (593-105) [UCLA] ; same data except 8 Dec 1963 
(PA 596), 2 lpF (596-106, 107), 2 pM (596-105, 109), 4 pF (596-101, 103, 104, 108), 2 lp (596- 
102, 112), 2M, 2F, 5P, 57L [UCLA], 2L [BM] ; same data except 9 Dec 1963 (PA 599), 1 pF (599- 
107) [UCLA]. Portobelo, Isla Caldera, 5 Dec 1963, A. Quinonez (PA 587), 1 IpF (587-102), 1L 
[UCLA]. Salud, 6 Sept 1945, K. E. Frick, 3L [CAS]. Darien: El Real, Boca Yaviza, 9 Jan 1964, 
A. Quinonez (PA 619), 4 IpM (619-107, 109, 113, 115), 5 IpF (619-119, 122-125), 4 pM (619-112, 
117,118, 121), 4 pF (619-101, 104, 110, 120), 2 lp (619-122, 123), 33L [UCLA], 1 IpM (619- 
114) [BM]. El Real, Pirre, 14 Jan 1964, A. Quinonez (PA 623), 2 lpM (623-115, 116), 1 pM (623- 
103), 3 pF (623-106, 110, 113), 1 lp (623-114), 2F, 2P, 13L [UCLA], 1 pF (623-108) [BM] ; same 
data except 15 Jan 1964 (PA 625), 1 pM (625-106), 1 lp (625-107), 1P, 13L; same data except 17 
Jan 1964 (PA 628), 1 lpM (628-120), 2 IpF (628-103, 104), 2 pM (628-105, 108), 3 pF (628-109, 
117, 119), 33L [UCLA]. La Palma (30km N), 0.8km from Santa Fe, 22 Nov 1966, O.G.W. Berlin 
(PA 946), 1 IpM (946-10), 2 IpF (946-11, 12), 1L; La Palma (30km N), near Santa Fe, 9 Dec 1966, 
O.G.W. Berlin (PA 993), 1 lpF (993-10); same data except 10 Dec 1966, O.G.W. Berlin, M. Mena 
(PA 996), 1 lpF (996-10) [UCLA]. Morte (4km NE), Morti Hydro, 3 Dec 1966, O.G.W. Berlin (PA 
976), 1L [UCLA]. Pucro, Camino Tapalisa, 24 Feb 1964, A. Quinonez (PA 629), 2 lpM (629-106, 
116), 2 IpF (629-107, 110), 4 pM (629-102-105), 7 pF (629-108, 111-115, 117), 1 lp (629-109), 1 
P, 55L [UCLA]. Pucro, La Laguna, 10 July 1963, A. Quinonez (PA 449), 1L; same data (PA 451), 
1 pF (451-108), 1L [UCLA]. Pucro, Rio Tacarcuna Valley, 14 June 1963, A. Quinonez (PA 384), 
1 IpF (384-110), 3L; same data except 15 June 1963 (PA 392), 1 lpM (392-103); same data except 
20 June 1963 (PA 405), 1 lp (405-101); same data except 22 June 1963 (PA 414), 1 pF (414-108); 
same data except 23 June 1963 (PA 416), 1F; same data except 8 July 1963 (PA 443), 1M [UCLA]. 
Pucro, Rio Tuira, 6 Mar 1958 (GG 78), 1 pM (78-103) [UCLA]. Pucro, Rio Tuira, mouth of Rio 
Paya, 27 Mar 1958 (GG 38), 1 IpF (38-105), 1 pM (38-103), 1 pF (38-104) [UCLA]. Pucro, Tacar- 
cuna, 1 Sept 1958 (GG 111), 1 lpM (111-113), 2 IpF (111-103, 107), 1 pF (111-109) [UCLA]. 
Santa Fe, 13 Apr, 19 May, 17, 19 Aug 1967, 2M, 3F [GML]. Sasardi, 7 Aug 1967, 1M [GML]. 
Locality unspecified, 7 July 1958 (GG 108), 1 lpM (108-123), 1 lpF (108-122), 2 pM (108-104, 
112) [UCLA]. Panama: Chame, Nueva Gorgona, Playa Gorgona, 22 Aug 1963, A. Quinonez (PA 
532), 1F [UCLA]. Chepo, 16 Oct 1939, 1F [UCLA]. Chiva (14km N), Cerro Campana, 29 Aug 
1963, A. Quinonez (PA 539), 1F [UCLA]. Chilibre, Juan Mina, 18 Jan 1963, A. Quinonez (PA 6), 
4 IpM (6-101, 104, 105, 108), 4 IpF (6-102, 103, 106, 107), 1L; same data except 20 Jan 1963 (PA 
17), 6 IpM (17-106, 117, 119-121, 125), 1 IpF (17-127), 1 pF (17-108), 1L; same data except 24 
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Jan 1963 (PA 41), 1 IpM (41-101), 1 pM (41-102), 10L [UCLA]. Huile (near, 3km N Nuevo Em- 
perador), 4.8km NW junction Hwys K16 and K19, 23 Nov 1965, A. Quinonez (PA 835), 1 lpF 
(835-10), 1 pF (835-102), 1P, 1L [UCLA]. La Chorrera, 5 Nov 1944 (ASM 260-2), 1F [UCLA]. 
Pacora, 15 Dec 1944, 14, 20 Aug 1945, K. E. Frick, 9M, 8F, 2P, 15L [CAS]. Pacora, Station B, 5 
Sept, 7 Nov 1950, 7F [UCLA]. Panama City, 13 Sept 1926, D. P. Curry, 1F [USNM]. Pedregal, 
near Tocumen, 19 Sept 1963, A. Quinonez (PA 556), 1 lpF (556-101) [UCLA]. Pequeni, Rio Pe- 
queni, 9 May 1966, A. Quinonez (PA 941), 1 lp (941-10) [UCLA]. Pequeni (4km NE), Rio Pe- 
queni, Estacion Hidro el Candelaria, 6 May 1966, A. Quinonez (PA 938), 2L [UCLA]. San Juan 
de Pequeni, D. P. Curry, 9M, 3F [USNM]. Tocumen, Cerro Azul, La Zumbadora, 7 Feb 1963, A. 
Quinonez (PA 66), 1 IM (66-103); same data except 8 Feb 1963 (PA 72), 1 IpF (72-101), 1L; same 
data except 8 Feb 1963 (PA 74), 1 IpM (74-101); same data except 10 Feb 1963 (PA 84), 1 pM 
(84-104), 1 lp (84-108); same data except 10 Feb 1963 (PA 85), 1 IpF (85-101); same data except 
14 Feb 1963 (PA 92), 2L; same data except 15 Feb 1963 (PA 94), 1 pM (94-101); same data ex- 
cept 18 Feb 1963 (PA 112), 1L [UCLA]. San Blas: Rio Cuadi, 17 June, 6 Nov 1967, 1M, 1F 
[GML]. Province Unknown: Ahorea Lagarta, 31 Aug 1926, D. P. Curry, 1F [USNM]. Locality 
Unspecified: 28 Apr 1907, A. Busck, 1 lp [USNM];1 July 1937, L. E. Rozeboom (PAR 118), 1M; 
Hopkins, 1F; (Arnett 126-1), 1M, 1L [UCLA]. 

SURINAM. Para: Zanderij (Skm N), Republiek, 5 Nov 1963, D. C. Geijskes (SUR 34), 1F 
[UCLA]. Paramaribo: Paramaribo, Charlesburg, 16 Feb 1940, D. C. Geijskes, 1F [SSM]. Locality 
Unspecified: J. Bonne-Wepster, 1F [USNM]. 

TRINIDAD AND TOBAGO. TOBAGO. St. George: Mason Hall, Caledonia, 17 Nov 1965, T. 
Aitken, R. Martinez, A. Guerra (TOB 48), 4F [UCLA]. Mason Hall, Trafalgar Estate, Easterfield, 2 
% milepost, 29 Nov 1965, R. Martinez, A. Guerra (TOB 137), 3F; same data except 29, 30 Nov 
1965 (TOB 147), 1F [UCLA]. Roxborough, 23 Nov 1965, R. Martinez, A. Guerra (TOB 91), 1 
IpM (91-12) [UCLA]. Roxborough, Roxborough-Bloody Bay Road, 10 milepost, 23 Nov 1965, R. 
Martinez, A. Guerra (TOB 97), 5F [UCLA]. TRINIDAD. Nariva: Mayaro, Bush Bush Forest, Na- 
riva Swamp, 3 Nov 1964 (TR 806), 1 IpM (806-114), 1 pF (806-101) [UCLA]. Tabaquite, Charu- 
ma Forest, 27 Aug 1964, A. Guerra (TR 635), 1 IpM (635-105), 1 pF (635-102), 1L; same data ex- 
cept 8 Oct 1964 (TR 750), 1 lpM (750-105); same data except 8 Oct 1964 (TR 761), 1F [UCLA]. 
St. Andrew: Arima, Cumaca, 22 Oct 1964, A. Guerra (TR 784), 1F [UCLA]. Arima, Cumaca 
Road, 14 Jan 1965, A. Guerra (TR 943), 1F [UCLA]. Rio Claro, 20 Aug 1964, A. Guerra (TR 
616), 1 IpM (616-104); same data (TR 617), 1 lpM (617-100) [UCLA]. Sangre Grande, Biche, 9 
July 1964, F. Powdhar (TR 556), 1 IpM (556-122) [UCLA]. Sangre Grande, Cumaca, 3 Sept 1964, 
A. Guerra (TR 650), 2 pM (650-110, 113) [UCLA]. Sangre Grande, Cumaca Road, Pamponette 
Trace Junction, 20 May 1965, A. Guerra (TR 1170), 1F [UCLA]. Sangre Grande, Mt. Harris, 16 
July 1964, F. Powdhar (TR 573), 1F [UCLA]. Sangre Grande, Nestor Village, 12 June 1964, A. 
Guerra (TR 484), 3F [UCLA]. Sangre Grande, Nestor, 6% milepost, 24 June 1965, F. Powdhar 
(TR 1232), 1F [UCLA]. Sangre Grande, Turure Forest, Oct 1966, F. Guerra (TR 1618), 1F; same 
data except Nov 1966 (TR 1619), 1F [UCLA]. Sangre Grande, Valencia Old Road at 4.5 milepost, 
24 Sept 1964, A. Guerra, 1F [UCLA]. Sangre Grande, Valencia Old Road, 1 Oct 1964, A. Guerra 
(TR 744), 1F [UCLA]. St. David: Toco, Matelot, 12 Mar 1964, A. Guerra (TR 182), 1 lpM (182- 
125) [UCLA]. Toco, Tompire Southbank Road, 27 Feb 1964, A. Guerra (TR 114), 1F [UCLA]. 
St. George: Arima, Andrews Estate, 25 Mar 1965, A. Guerra (TR 1060), 1L [UCLA]. Arima, 
Arena Forest, 13 Aug 1965, A. Guerra (TR 1326), 1 lpM (1326-20); same data except 20 Aug 1965 
(TR 1355), 1M [UCLA]. Arima, Aripo Valley, 19 Mar 1964, A. Guerra, 3F [UCLA]. Arima, 
Calvary Hill, 30 Aug 1965, A. Guerra (TR 1379), 1F [UCLA]. Arima, Las Hermanas Estate, 18 
Aug 1965, A. Guerra (TR 1336), 1 pF (1336-100), 1L [UCLA]. Arima, Mt. Becke, 29 Apr 1965, 
A. Guerra (TR 1132), 1F [UCLA]. Arima, Verdant Vale, 10 Sept 1964, A. Guerra (TR 686), 1F; 
same data except 12 Nov 1964 (TR 831), 2F [UCLA]. St. Augustine, 20 Feb 1925, C. L. Withy- 
combe, 1F [BM]. County Unknown: Tuencha, 25 May 1926, C. L. Withycombe, 1F [BM]. For- 
est Reserve, 5 Dec 1965, T.H.G. Aitken (TR 1430), 1L [UCLA]. 

VENEZUELA. Aragua: Choroni (1.0km N), 16 July 1969, T. J. Zavortink (VZ 219), 2 lpF 
(219-14, 16), 1 pF (219-102), 3L [UCLA]. Guamitas, 12 Aug 1927, M. Nunez Tovar, 1M [USNM]. 
Maracay, M. Nunez Tovar, 1F [USNM]. Maracay, Guamitas, road to picnic area, 15 July 1969, T. 
J. Zavortink, J. A. Bergland (VZ 199), 1 lpM (199-11), 1 IpF (199-10) [UCLA]. Carabobo: Cara- 
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bobo, 30 July 1927, M. Nunez Tovar, 1M [USNM]. Puerto Caballo, Borburata, 24 July 1969, J. 
Pulido, J. Valencia (VZ 263), 1 lpF (263-17), 1 pF (263-101) [UCLA]. Monagas: Caripito, 13 
Mar, 2 June 1942, 2F [AMNH]. Sucre: Guanoco, Green House Bay, 1 Jan 1929, E. de Verteuil, 
W. Cook, F. W. Urich, 1F [USNM]. Zulia: Colon Dist., 18 Dec 1933, P. Anduze, 1F; May 1934, 
1F [CU]. La Rivera, July 1934, P. Anduze, 1F [CU]. Locality Unspecified: 10 Feb 1973, CDC 
(VZ 420), 2F [UCLA]; P. Anduze, 1M; No. 2345, 1M [USNM]. 

NO DATA. D. P. Curry, 2M, 2F; No. 1447, 1M; 2M, 1L [USNM]; No. 168, 1P, 1M [CU]. 


2. Johnbelkinia longipes (Fabricius) 
Figs. 2, 8-10 


1805. Culex longipes Fabricius 1805:34. *TYPE: Holotype male, America meridionali, Smidt 
[J. C. Schmidt] [ZMC; type locality restricted to Cayenne [Guyane] , French Guiana, by 
Belkin, Schick and Heinemann 1965:41-42]. NEW COMBINATION. 

1919. Lesticocampa trichopus Dyar 1919: 10-11. *TYPE: Holotype female, Teffé [Tefe], Ama- 
zonas, Brazil, June 1906, A. Ducke [USNM, 21996]. Considered as doubtfully distinct 
from longipes by Dyar (1928:97); synonymized with longipes by Lima (1931:66-67). 

1942. Trichoprosopon (Hyloconops) edwardsianus Lane and Cerqueira 1942:528. TYPE: Holo- 
type female, Belterra, Santarem, Pard, Brazil, Sept 1938 [IOC]. NEW SYNONYMY. 


Trichoprosopon (Runchomyia) longipes of Stone, Knight and Starcke (1959:76-77, in part); Faur- 
an (1961:14-15, in part); Forattini (1965:169, 170, 172, 173, 174-175, 176, 217, 291, in part); 
Belkin, Schick and Heinemann (1965:41-42); Cova Garcia, Sutil and Rausseo (1966a:66, 68, 
in part; 1966b:67, 131, 384-385, in part); Belkin (1968:36, 46, 58); Knight and Stone (1977: 
314, in part). 

Trichoprosopon (Rhunchomyia) longipes of Lane (1953:855-857, in part). 

Trichoprosopon (Rhynchomyia) longipes of Floch (1956:35, 221, in part). 

Trichoprosopon (Hyloconops) longipes of Lane and Cerqueira (1942:525, in part). 

Goeldia (Goeldia) longipes of Edwards (1932:72, in part); Senevet and Abonnenc (1939:248-250); 
Lane (1939: 162-163, in part); Floch and Abonnenc (1947:2-3, in part). 

Goeldia longipes of Bonne-Wepster and Bonne (1923:124, in part); Bonne and Bonne-Wepster 
(1925:144-146, in part); Dyar (1928:96-97, in part); Lima (193 1:66-67, in part); Komp (1936: 
60, in part); Antunes (1937a:72-73, in part); Patino Camargo (1937:242, in part); Boshell-Man- 
rique (1938:415, in part); Floch and Abonnenc (1942b:2-3, in part); Floch (1955:315, in part). 

Culex longipes of Wiedemann (1828:7, 546); Macquart (1838:34-35, in part); Zimsen (1964:451). 

Culex longipede of Macquart (1834:36). 

Sabethes longipes of Robineau-Desvoidy (1827:412); Lynch Arribalzaga (1891:167-168, in part); 
Hunter (1900:281, in part). 

Trichoprosopon (Runchomyia) edwardsianum of Stone, Knight and Starcke (1959:76); Cova Gar- 
cia, Sutil and Rausseo (1966a:67, 68; 1966b:131, 384); Belkin, Schick and Heinemann (1971: 
9, 36, 47, 53); Knight and Stone (1977:313). 

Trichoprosopon (Rhunchomyia) edwardsianum of Cerqueira (1961a:459-464). 

Trichoprosopon (Rhunchomyia) edwardsianus of Lane (1953:860); Barreto-Reyes (1955:81); Cer- 
queira (1961b:154); Xavier and Mattos (1970:452; 1975:255; 1976:402). 

Trichoprosopon (Hyloconops) edwardsianus of Lane (1945:133). 

Trichoprosopon edwardsianum of Forattini, Rabello and Cotrim (1970:78). 

Trichoprosopon edwardsianus of Maia (1963:91). 

Goeldia edwardsianus of Horsfall (1955:319). 

Trichoprosopon (Runchomyia) trichopus of Belkin, Schick and Heinemann (1971:9, 34, 50, 51). 

Goeldia trichopus of Bonne-Wepster and Bonne (1921:18); Dyar (1921:27); Bonne-Wepster and 
Bonne (1922:38); Dyar (1923a:81); Bonne and Bonne-Wepster (1923:124, in part); Dyar and 
Shannon (1924:483); Bonne and Bonne-Wepster (1925:141-143, in part); Dyar (1928:97); Mar- 
tini (1931:201), Evans and Walker (1935:465-466); Lane (1936:7); Antunes (1937b:72); An- 
duze (1941:9). 
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Goeldia aff. trichopus of Townsend (1934:492). 

Lesticocampa trichopus of Stone and Knight (1957:119). 

?Trichoprosopon (Runchomyia) longipes of Martinez and Prosen (1953:31); Morales-Ayala (1971: 
139). 

?Goeldia longipes of Bonne (1923:129). 

?Trichoprosopon (R.) edwardsianus of Suarez (1963:239). 

?Trichoprosopon (Hyloconops) trichopus of Anduze, Pifano and Vogelsang (1947:12). 

?Goeldia (Goeldia) trichopus of Chagas, da Cunha et al. (1938:198, 202); Floch and Abonnenc 
(1947:3). 

?Goeldia trichopus of Kumm and Novis (1938:503, 512); Floch and Abonnenc (1942a:3; 1942b:3). 

?Trichoprosopon (Runchomyia) leucopus of Fauran (1961:14); Stone (1961:33); Morales-Ayala 
(1971:139); Kruijf (1972:50). 

?Trichoprosopon (Rhunchomyia) leucopus of Xavier and Mattos (1975:256). 

?Goeldia (Goeldia) leucopus of Floch and Abonnenc (1947:3). 

?Goeldia leucopus of Floch and Abonnenc (1942a:3; 1942b:3). 


FEMALE. Wing: 4.60mm. Proboscis: 4.20mm. Femur I: 3.30mm. Abdomen: 
about 4.4mm. Thorax: Scutal scales usually dull brown or weakly iridescent copper, 
bronze, gold, green, blue or purple. Postnotum usually without scales. Pleural integ- 
ument usually slightly to moderately darkened on ssp and stp, sometimes strongly 
darkened. Legs: Leg III with conspicuous outstanding scales on apical part of tibia 
and on tarsus 1-3 or 4-III, these most conspicuous on tarsus 2-III. Tarsus 2-II with 
yellowish-cream to white scales in streak in apical 0.1-0.8 of anterior and dorsal sur- 
faces, or in complete band in apical 0.1-0.8, or completely covering segment; 3,4-II 
completely yellowish-cream to white scaled; 5-I] with yellowish-cream to white scales 
restricted to streak at base of anterior and dorsal surfaces or completely covering seg- 
ment. Tarsus 3-III dark scaled or white scaled on apical 0.1-0.6; 4,5-III completely 
white scaled. Wing: Upper calypter with short row of setae basally. Abdomen: 
Sternites II-VII usually with dark scales in median line from base to apex or in medi- 
an apical patch. 

MALE (fig. 8). Essentially as in female except for sexual characters. Head: Fla- 
gellum moderately plumose, middle segments with about 24 bristles. Legs: Anterior 
claw I enlarged, with distinct, long submedian tooth; anterior claw II not enlarged, 
simple. 

MALE GENITALIA (figs. 8, 10). Segment IX: Tergite lobe much longer than 
wide. Setae of lobe 4 or 5 (3-5), strongly to very strongly developed, somewhat flat- 
tened apically, with short filamentous apical prolongation. Sternite U-shaped. Side- 
piece: Slender to stout. Densest region of basal tergal setae proximad of level of 
apex of basal mesal lobe. Basal sternomesal setae 2-4, moderately long, curved or an- 
gularly bent at apex; strongly developed medial sternomesal setae 2-4. Basal Mesal 
Lobe: Body conical, with long narrow dorsal strip; setae directed dorsad, very 
strongly curled at apex. Clasper: Long; constricted basally; slightly to conspicuously 
swollen apically; with several fine setae apically. Spiniform bent at apex; slender. 
Phallosome: Aedeagus moderately pigmented; distal lateral margin usually not con- 
cave in dorsal aspect; distal end of submedian tergal arm angled or curved toward 
mate; apical tergal arm with patch of 4-11 small, strongly sclerotized, dorsal preapical 
teeth and serrulate or striate, laterally curved, sclerotized apical process. Proctiger: 
Paraproct with 4-7 (3-7) moderately large, dorsally curved, apical teeth and with 
crenulate, moderately sclerotized lamella mesad of apical teeth that may project dis- 
tad beyond more ventral teeth. Cercal sclerite absent or present, elongate. 
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PUPA (fig. 8). Abdomen: 4.4mm. Trumpet: 0.51mm. Paddle: 0.68mm. Cepha- 
lothorax: Very weakly pigmented. Trumpet: Very weakly to weakly pigmented, 
sometimes becoming slightly darker distad. Abdomen: Predominantly very weakly 
pigmented; sternites II-IV (II-VII) with median part of anterior margin moderately 
pigmented, conspicuously darker than remainder of ventral surface. Terminal Seg- 
ments: Male genital lobe large, its width usually greater than 0.50 (0.47-0.60) of seg- 
ment VIII. Paddle: Very weakly pigmented. Index usually 1.26-1.59 (1.21-1.63). 

LARVA (fig. 9). Head: 1.18mm. Siphon: 1.21mm. Anal Saddle: 0.23mm. 

Head: Very weakly pigmented, collar darker. Mental plate with 11,12 (10-14) teeth 
on each side of median tooth. Antenna: Without spicules or with very few small 
spicules medially. Abdomen: Seta 6-I usually 11-14b (7-14); seta 6-II usually 10-14 
b (8-16); seta 6-III usually 9-12b (8-14). Segment VIII: Comb scales usually 33-54 
(9-65); most comb scales of patch usually with moderately large apical spine. Si- 
phon: Very weakly pigmented, becoming darker distad. Moderately to strongly 
curved dorsad distally. Seta 1-S inserted 0.51-0.67 distance from base of siphon. Ac- 
cessory midventral setae (la-S) usually 30-36 (25-37). Anal Segment: Saddle very 
weakly pigmented, indistinct. Seta 3-X usually 6-9b (5-10). Seta 4-X strongly devel- 
oped, usually 10-15b (6-17), with alveolar plate. 

SYSTEMATICS. The adult of Johnbelkinia longipes differs from ulopus and leu- 
copus by: (1) more strongly plumose flagellum of male, (2) distinct tooth on anterior 
claw I and small anterior claw II of male, (3) usually extensive dark scaled areas on 
sternites and (4) more extensive distribution of outstanding scales on leg III, these 
being present on apical part of tibia and all of tarsus 1-III. The adult differs addition- 
ally from leucopus by: (1) lighter integument on mep and meron and (2) entirely 
white scaled tarsus 4-III. It differs additionally from ulopus by: (1) presence of setae 
on upper calypter of wing and (2) duller brown scales on scutum. The male genitalia 
differ from ulopus and leucopus by: (1) long tergite IX lobe, (2) shape of clasper, 
which is constricted basally and swollen apically and (3) presence of small but strong- 
ly sclerotized teeth and sclerotized apical process on apical tergal arm of aedeagus. 
The pupa differs from ulopus by: (1) darkened integument on median anterior part 
of sternites IJ-IV and (2) larger male genital lobe, which is usually broader than 0.50 
width of segment VIII. The larva differs from ulopus by: (1) seta 4-X usually 10-15b 
(6-17) and with alveolar plate, (2) seta 6-I 11-14b (7-14) and (3) moderately large 
apical spine of comb scales. 

There is variation in tarsus III markings, color of the pleural integument and male 
genital structure in this species. Specimens from the Guianas and Colombia have tar- 
sus 3-III entirely dark scaled or light scaled in the apical 0.1 only. Most specimens 
from Para, Brazil, have tarsus 3-III light scaled in the apical 0.2-0.4, but one from 
Santarem has it dark scaled. Most specimens from Ecuador, Peru and Bolivia have 
this segment white scaled in the apical 0.3-0.6, but again one specimen from Ecuador 
has it dark scaled. Two males from the Rio Madeira drainage of Brazil and Bolivia 
have the integument of ssp and stp much more strongly darkened than any other 
specimens I have seen. These same males exhibit some unusual variations in the male 
genitalia, for the sidepiece is slender, the clasper less curved and less swollen apically, 
the aedeagus has fewer preapical teeth but a more distinctly serrulate apical process, 
the cercal sclerite is present and the apical lamella of the paraproct does not extend 
beyond the ventral paraproct teeth. It is quite possible these two males represent an- 
other species, but since this is not absolutely clear at this time, I prefer to include 
them in /ongipes until more material is available. 

Much of the Amazon basin was flooded or very arid at various times in the Pleisto- 
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cene, and populations of longipes that exist there now must have invaded the area 
from forest refugia in mountains surrounding the basin only relatively recently. In 
fact, all the variants known in longipes probably differentiated in separate refugia in 
times past when the tropical rain forest was not continuous. 

I have studied two slide mounted third instar larvae of Jongipes, and these resem- 
ble ulopus closely. 

BIONOMICS. The larvae of longipes have been reported in the literature as occur- 
ring in the leaf axils of Mauritia sp. (Palmae) by Cerqueira (1961a: 459-464, as ed- 
wardsianum) and Musa bihai |=Heliconia bihai, Strelitziaceae] by Senevet and Abon- 
nenc (1939:248-250). Immatures collected for the project “Mosquitoes of Middle 
America” in the Guianas were found in the leaf axils of Heliconia sp.and Phenako- 
spermum guianense (Strelitziaceae) and once in the flower bracts of Heliconia sp. 
The immatures were collected from leaf axils of banana (Musaceae) in Brazil by John 
F. Reinert. 

On two separate occasions males of Jongipes were observed flying backwards and 
forwards about three feet above the ground in a patch of heliconias in Brazil by 
Evans and Walker (1935:465-466, as trichopus). Adults have been collected in rest- 
ing traps and malaise traps in the forest and females have been collected biting hu- 
mans. 

Numerous papers reporting observations on longipes or trichopus in South Amer- 
ica probably refer at least in part to ulopus, and they are summarized under that spe- 
cies. 

DISTRIBUTION. Johnbelkinia longipes is apparently restricted to the portion of 
the northern half of South America that drains into the Atlantic Ocean. In the east- 
ern part of the continent, I have seen specimens from the state of Monagas, Venezue- 
la, in the north to the state of Para, Brazil, in the south. In the western part, I have 
seen specimens from the department of Meta, Colombia, in the north to the depart- 
ment of Beni, Bolivia, in the south. Cerqueira (1961b:154) records this species (as 
edwardsianus) in the south from the state of Mato Grosso, Brazil. Every specimen of 
Johnbelkinia from Trinidad that I have examined is ulopus. However, since longipes 
in known from directly across the Gulf of Paria in Venezuela, it may occur also in 
Trinidad. Material examined: 281 specimens; 25 males, 166 females, 49 larvae, 41 
pupae; 38 individual rearings (29 larval, 6 pupal, 3 incomplete). 

BOLIVIA. Beni: Guajaramerim, Vaca Diez, Mar 1939, 1F [USNM]. Locality unspecified: 
May 1943, H. P. Carr, 1M [USNM]. 

BRAZIL. Amazonas: Humaita, Nov 1937, 1F [BM]. Manaus, W. M. Mann, Baker, 1F [USNM]. 
Tefé, June 1906, A. Ducke, 1F (trichopus holotype) [USNM]. Para: Altamira (160km W), 6 Nov 
1974, J. F. Reinert (81-A), 1L [MEP]. Belterra, Santarem, Sept 1938, 1F [USNM]. Boa Vista, 
Tapajos, C.H.T. Townsend, 29 Sept 1932, 1M [USNM]. Cameta, Jan 1936, 1F [USNM]. Curralin- 
ho, H. W. Kumm, 1F [BM]. Curralinho, Rio Itauca, 1F [USNM]. Jatobal, Bacuri, 28 Oct 1974, J. 
F. Reinert (63), 1F [MEP]. Marituba, Sta. Isabel, Feb 1938, 1F [USNM]. Rondonia: Guajara 
Mirim, Rio Madeira, May 1931, R. C. Shannon, 1M [USNM]. 

COLOMBIA. Meta: ?Chipadera, Nov 1936 (COR 107), 2F; 12 Nov 1936 (COR 109), 1F 
[UCLA]. ?Maragal, 14 Nov 1936 (COR 113), 1F [UCLA]. Restrepo, 1935 (KO 30-7), 1F;3 Sept 
1935 (KO 4-16), 1F; 10 July 1935 (KO 30-36), 1F [UCLA]. Restrepo, Vega Grande, 27 Dec 1936 
(COR 74, 75), 3F [UCLA]. Villavicencio, Bosque Ocoa, 6 June 1944 (COK 42), 1F; 14 June 1944 
(COK 44), 11F; 20 June 1944 (COK 47), 5F [UCLA]. Villavicencio, Palmichal, 1936 (COR 91), 
1F; 9 Nov 1936 (COR 98), 1F [UCLA]. Locality unspecified, 12 Nov 1936 (COR 108), 1F; 19 
Nov 1936 (COR 115), 2F; Nov 1936 (COR 123, 125), 8 F; 20 Oct 1936 (COR 128), 1F; 21 Oct 
1936 (COR 130), 10F; 23 Oct 1936 (COR 132, 133), 2F; 8 Nov 1936 (COR 136), 6F; 9 Nov 1936 
(COR 138), 1F; 10 Nov 1936 (COR 140), 1F; 27 Nov 1936 (COR 161), 6F; 22 Dec 1936 (COR 
175, 176), 4F [UCLA]. 
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ECUADOR. Napo: Coca and Napo Rivers, 23 Apr-12 May 1965, L. E. Pena (ECU 8), 1M, 4F 
[UCLA]. Napo, Pompeya Island, Napo River, 19-26 May 1965, L. E. Pena (ECU 19), 1F [UCLA]. 

FRENCH GUIANA. Guyane: Cayenne, Smidt, 1M (longipes holotype) [ZMC]. Cayenne, Apr 
1943, 2F [UCLA]. Cayenne, foret de Cabassou, 14 Nov 1967, J. Clastrier (FGC 3278), 1F; 12 
July 1968, J. Clastrier (FGC 3911), 1F; 8 Sept 1968, J. Clastrier (FGC 3636), 1 IpF (3636-40); 
same data (FGC 3639), 3L; same data (FGC 3640), 1L [UCLA]. Cayenne, foret de la Chaumiere, 
7 Aug 1968, J. Clastrier (FGC 3580), 1L; same data (FGC 3581), 1 IpF (3581-31); same data (FGC 
3592), 1 IpM (3592-32) [UCLA]. Cayenne (near), Ile de Cayenne (FGA 154), 1F [UCLA]. Cay- 
enne (24km SW), Le Gallion, 1 Feb 1965, T.H.G. Aitken, R. Martinez, A. Guerra (FG 20), 2 lpF 
(20-20, 21); same data except 2 Feb 1965 (FG 30), 1 IpM (30-10), 1 IpF (30-13), 1 lp (30-11) 
[UCLA]. Cayenne, Roura, 13 Sept 1968, J. Clastrier (FGC 3648), 1L; same data (FGC 3652), 1 
IpM (3652-44); same data (FGC 3653), 1 pM (3653-40); same data (FGC 3656), 1 lpF (3656-31) 
[UCLA]. Couachi, Mana (10km E), 15 Mar 1969, J. Clastrier (FGC 4021), 1L; same data (FGC 
4023), 1L [UCLA]. Le Gallion (3km W), Pont des Cascades, 16 Mar 1967, R. X. Schick, J. Fred- 
erick (FG 151), 1 IpM (151-10), 1 lpF (151-30); same data (FG 152), 1 lIpM (152-10), 1L [UCLA]. 
Matoury, 2F [UCLA]. Matoury, Camp Rochambeau (E edge), 19 July 1968, J. Clastrier (FGC 
3538), 1 pF (3538-30); same data (FGC 3540), 1 pM (3540-12); same data (FGC 3543), 1 IpF 
(3543-34); same data (FGC 3544), 1 IpF (3544-30); same data (FGC 3545), 1L; same data (FGC 
3553), 1 IpM (3553-30) [UCLA]. Matoury, foret de Cogneau, 28 May 1968, J. Clastrier (FGC 
3459), 1 pF (3459-10); 25 Sept 1968, J. Clastrier (FGC 3663), 1 pF (3663-41); same data (FGC 
3665), 1M; same data (FGC 3666), 1L [UCLA]. Matoury, Matoury A, 10 July 1968, J. Clastrier 
(FGC 3503), 1L [UCLA]. Matoury, Matoury C, 20 Nov 1968, J. Clastrier (FGC 3802), 1 lpF 
(3802-54); same data (FGC 3803), 1 IpF (8803-26) [UCLA]. Montjoly, Cabassou, Ile de Cayenne, 
2 July 1952 (FGA 191), 1F [UCLA]. Montjoly, Raban, Ile de Cayenne, base of Montagne Tigre 
(FGA 43), 1 pF (43-10), 1L [UCLA]. Montsinery, Tonegrande, 6 Sept 1968, J. Clastrier (FGC 
3628), 1 lpM (3628-43) [UCLA]. Remire (SW), Chemin Vidal, 14 Mar 1967, R. X. Schick (FG 
129), 2 IpM (129-10, 11); same data (FG 131), 1 IpF (131-10) [UCLA]. Rochambeau, 1F [UCLA]. 

GUYANA. Demerara: Madewiri Creek, Mar 1941, 1F [UCLA]. 

PERU. Huanuco: Tingo Maria, 21 Oct 1946, J.C. Pallister, 1F [AMNH]; date unspecified, E. 
J. Hambleton, 3M, 1F [USNM]. Loreto: Chimbote, Amazon, Mar 1931, R. C. Shannon, 1F 
[USNM]. Iquitos, Mar-Apr 1931, R. C. Shannon, 45F, 1 Ip, lp, 2L [USNM]. Pachitea Mund, 6 
Nov 1903, 1F [BM]. 

SURINAM. Para: Onverwacht (S5km S), Wegnaar Overtoon, 7 Apr 1967, R. X. Schick, H.A.M. 
de Kruijf (SUR 228), 1L; same data (SUR 229), 1 lp (229-10) [UCLA]. Zanderij (2km N), 13 Apr 
1967, R. X. Schick, H.A.M. de Kruijf (SUR 242), 2 IpM (242-10, 11); same data (SUR 242A), 1P; 
same data (SUR 243), 1P; same data (SUR 245), 1 IpM (245-11), 1 lpF (245-10); same data (SUR 
246), 2 IpM (246-10, 12), 1 IpF (246-11); same data (SUR 247), 1 lpF (247-10) [UCLA]. Locality 
unspecified: 25 Sept 1946, D. C. Geijskes, 1F [SSM]. 

VENEZUELA. Monagas: Caripito, 10 Mar 1942, 1F [AMNH]. 


3. Johnbelkinia leucopus (Dyar & Knab) 
Figs. 2, 10 


1906. Lesticocampa leucopus Dyar and Knab 1906:137. *TYPE: Lectotype female, Bluefields 
[Zelaya] , Nicaragua, W. F. Thornton [USNM, 10003; designation by Stone and Knight 
1957:118]. NEW COMBINATION. 


Trichoprosopon (Runchomyia) leucopus of Stone, Knight and Starcke (1959:76, in part); Belkin, 
Schick and Heinemann (1965:42); Cova Garcia, Sutil and Rausseo (1966a:67, 68, in part); 
Knight and Stone (1977:314, in part). 

Trichoprosopon (Rhunchomyia) leucopus of Lane (1953:857-858, in part). 

Trichoprosopon (Hyloconops) leucopus of Lane and Cerqueira (1942:526). 

Trichoprosopon leucopus of Arnett (1949:245). 


40 Contrib. Amer. Ent. Inst., Vol. 17, no. 1, 1979 


Goeldia (Goeldia) leucopus of Dyar (1923a:86, in part; 1923b:174); Edwards (1932:72); Lane 
(1939:161). 

Goeldia leucopus of Bonne-Wepster and Bonne (1921:17; 1922:38); Dyar and Shannon (1924: 
483); Bonne and Bonne-Wepster (1925:152, in part); Dyar (1925:129, in part; 1928:97-98, in 
part); Lane (1936:7); Antunes (1937b:72); Kumm, Komp and Ruiz (1940:397); Horsfall (1955: 
319). 

Lesticocampa leucopus of Busck (1908:76); Theobald (1910:622); Howard, Dyar and Knab (1915: 
170-172, in part); Stone and Knight (1957:118). 

?Trichoprosopon (Rhunchomyia) leucopus of Trapido and Galindo (1957:122, 124, 125, 128, 
131, 134, 135, 138). 

?Trichoprosopon leucopus of Galindo and Trapido (1957:146). 


FEMALE. Wing: 4.60mm. Proboscis: 4.04mm. Femur I: 3.47mm. Abdomen: 
about 3.7mm. Thorax: Scutal scales usually dull brown or weakly iridescent copper, 
bronze, gold, green, blue or purple. Postnotum often with dark iridescent scales. 
Pleural integument strongly darkened on ssp, psp, stp, mep and meron. Legs: Leg 
III without outstanding scales. Tarsus II with streak of light scales on anterior sur- 
face of apical segments, streak varying from inconspicuous, with creamy-tanish scales 
from apical part of 3-II to base of 5-II, to conspicuous, with white scales from apex 
of 2-II to apex of 5-II. Tarsus III with white scales on apical 0.1-0.4 of 4-III and all 
of 5-III. Wing: Upper calypter with short row of setae basally. Abdomen: Sternites 
II-VII entirely light scaled. 

MALE (fig. 10). Essentially as in female except for sexual characters. Head: Fla- 
gellum sparsely plumose, the middle segments with about 16 bristles. Legs: Anterior 
claw I enlarged, with submedian crestlike swelling; anterior claw II enlarged, simple. 

MALE GENITALIA (fig. 10). Segment IX: Tergite lobe about as long as wide. 
Setae of lobe 6 or 7, moderately to strongly developed, flattened apically, with long 
filamentous apical prolongation. Sternite V-shaped. Sidepiece: Stout. Densest re- 
gion of basal tergal setae proximad of level of apex of basal mesal lobe. Basal sterno- 
mesal setae 4, moderately long, angularly bent at apex; strongly deveolped medial 
sternomesal setae absent. Basal Mesal Lobe: Body conical, with long narrow dorsal 
strip; setae directed dorsad, very strongly curled at apex. Clasper: Moderately long; 
without basal constriction; uniformly slender beyond base; without setae. Spiniform 
straight, slender. Phallosome: Aedeagus weakly pigmented; distal lateral margin not 
concave in dorsal aspect; distal end of submedian tergal arm nearly parallel with mate; 
apical tergal arm without dorsal preapical teeth or sclerotized apical process. Procti- 
ger: Paraproct with 4 moderately large, dorsally curved apical teeth and with moder- 
ately sclerotized crenulate apical lamella mesad of apical teeth that does not project 
beyond teeth. Cercal sclerite present, elongate. 

PUPA, LARVA. Unknown. 

SYSTEMATICS. Johnbelkinia leucopus combines characteristics of ulopus and 
longipes. From the apparently more closely related but allopatric Jongipes it differs 
by the following characters: in the adult most conspicuously by: (1) presence of dark 
scales in basal 0.6-0.9 of tarsus 4-III, (2) absence of outstanding scales on leg III, (3) 
strongly darkened integument on mep and meron, (4) crestlike submedian swelling 
on anterior claw I and enlarged anterior claw II of male and (5) light scaled sternites; 
and in the male genitalia by: (1) shorter tergite IX lobe, (2) shape of clasper, which is 
without a basal constriction and is uniformly slender beyond base, (3) absence of 
dorsal preapical teeth or sclerotized apical process on apical tergal arm of aedeagus 
and (4) absence of strongly developed medial sternomesal setae. From ulopus, with 
which it is sympartic, leucopus is distinguished as follows: in the adult by: (1) pres- 
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ence of setae on upper calypter of wing and (2) duller brown scutal scales; and in the 
male genitalia by: (1) shape of basal mesal lobe, which has a conical body and a long 
narrow dorsal strip, (2) dorsally directed, strongly curled setae of basal mesal lobe, 
(3) location of dense patch of basal tergal setae proximad of level of apex of basal 
mesal lobe and (4) stouter sidepiece. 

Osterhout collected two females and one male of Johnbelkinia in Bocas del Toro, 
Panama, in 1903. All three specimens were determined as Jeucopus by Dyar and 
Knab, and the genitalia of the male were illustrated repeatedly (Howard, Dyar and 
Knab 1913:fig. 47; Dyar 1928:fig. 66; Lane 1953:fig. 849; Cova Garcia, Sutil and 
Rausseo 1966a:fig. 124). However, only one of the females is actually Jeucopus; the 
other one and the male are ulopus. 

I have not noted any significant variations in the few specimens available for study. 

BIONOMICS. Very little is known about this species. Kumm, Komp and Ruiz 
(1940:397) reported taking adults in daytime captures in the forest in Costa Rica. 
The single male collected for the ““Mosquitoes of Middle America” project was taken 
resting in the forest between 0700 and 1230 hours on 17 April 1963; the two fe- 
males collected for the project were attracted to man in a forest between 1100 and 
1400 hours on 21 April 1963 at a height of 12m above the ground. 

The reports of captures of leucopus at human bait in the Caribbean versant of Nic- 
aragua and western Panama by Galindo and Trapido (1957:146) and Trapido and 
Galindo (1957:122, 124, 125, 128, 131, 134, 135, 138) refer in part or whole to 
ulopus and are summarized under that species. 

DISTRIBUTION. Johnbelkinia leucopus is apparently a rare, relictual species re- 
stricted to the Caribbean Coast of Central America from central Nicaragua to west- 
ern Panama and the Pacific Coast of Central America in southern Costa Rica. Most 
reports of this species in Central America actually pertain to ulopus; I do not know 
upon what species most reports from South America are based. Material examined: 
16 specimens; 1 male, 15 females. 

COSTA RICA. Limon: Liverpool, H. W. Kumm, 2F [BM]; 1F [USNM]. Puntarenas: San Vi- 
to (6km S$), 19-30 Apr 1967, D. F. Veirs, 4F [UCLA]. 

NICARAGUA. Zelaya: Bluefields, W. F. Thornton, 4F (including holotype) [USNM]. Rio 
Curinguas (60mi up), 27 Nov 1941, 1F [UCLA]. 

PANAMA. Bocas del Toro: Chiriqui Grande, Mata de Cacao, 17 Apr 1963, A. Quinonez (PA 
220), 1M [UCLA]. Punta de Pena, Chiriquicito, 21 Apr 1963, A. Quinonez (PA 247), 2F [UCLA]. 
Locality unspecified, 25 Sept 1903, P. Osterhout, 1F [USNM]. 
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FIGURES 


1. Distribution of Johnbelkinia ulopus 
2. Distribution of Johnbelkinia leucopus and J. longipes 
3. Johnbelkinia ulopus; male and female heads and claws; male tarsus 5-I; female 
thorax, wing, legs, genitalia 
4. Johnbelkinia ulopus; male genitalia, pupa 
5. Johnbelkinia ulopus; fourth instar larva 
6. Johnbelkinia ulopus; third instar larva 
7. Johnbelkinia ulopus; male genitalia; second instar larval head, siphon 
8. Johnbelkinia longipes; male genitalia, male claws, pupa 
9. Johnbelkinia longipes; fourth instar larva 
0. Johnbelkinia longipes; male genitalia 
Johnbelkinia leucopus; male genitalia, male claws 
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CONSPECTUS OF PRELIMINARY RECLASSIFICATION OF 
COMPOSITE GENUS TRICHOPROSOPON 


Genus Johnbelkinia 
culicivora longipes 
edwardsiana trichopus 
leucopus ulopus 


Genus 7richoprosopon 


andinum obscurum 
brevipes pallidiventer 
castroi simile 
compressum soaresi 
digitatum splendens 
evansae subsplendens 
lampropus townsendi 
lanei trichorryes 
mogilasium vonplesseni 
nivipes wilsoni 


Genus Shannoniana 


fluviatilis moralesi 
longipalpis schedocyclia 


Genus Runchomyia 


Subgenus Runchomyia 
cerqueirai rapax 
frontosa reversa 
humbolati theobaldi 

Subgenus Ctenogoeldia 
dicellaphora magna 
homotina walcotti 


Subgenus Isostomyia 


espini perturbans 
lunata shropshirei 
paranensis 


Genus Wyeomyia 
luederwaldti 


Nomina Dubia 
cotopaxensis hyperleuca 
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MOSQUITO STUDIES (Diptera, Culicidae) 
XXXVI. SUBGENERA AEDINUS, TINOLESTES AND 


ANOEDIOPORPA OF CULEX! 
By 
O.G.W. Berlin and John N. Belkin? 


-_ INTRODUCTION 


The subgenera Aedinus Lutz 1904, Tinolestes Coquillett 1906 and Anoedioporpa 
Dyar 1923 of Culex, revised in the present paper, were all lumped along with Micra- 
edes Coquillett 1906 into the subgenus Aedinus Bourroul 1904 by Stone, Knight and 
Starcke (1959:281-282) on the basis of a short palpus in the males. As this feature 
had been shown to be of small importance (Edwards 1932:188) and had evolved in- 
dependently in several unrelated phylads, it was a taxonomic puzzle until Belkin 
(1968b: 11-12, 51) explicitly unraveled it. Belkin’s recommendations were followed 
by Knight and Stone (1977) and are accepted here as indicated in the following list. 
Aedinus is credited to Lutz in Bourroul 1904 with the type species A. amazonensis 
Lutz 1905; it takes precedence over Eubonnea Dyar 1919 and includes in addition to 
amazonensis 3 other species. Tinolestes Coquillett 1906 is elevated to subgeneric 
rank with latisquama Coquillett 1906 as its type and the only included species. 
Anoedioporpa Dyar 1923 is considered as a distinct subgenus of Culex with conserva- 
tor Dyar & Knab 1906 as its type (with all its current synonyms) and also includes 
bamborum Rozeboom & Komp 1948, belemensis Duret & Damasceno 1955, browni 
Komp 1936, canaanensis Lane & Whitman 1943, corrigani Dyar & Knab 1907, origi- 
nator Gordon & Evans 1922, luteopleurus Theobald 1903 and 3 recently described 
species: chaguanco Casal, Garcia & Fernandez 1968, damascenoi Duret 1969 and 
quasioriginator Duret 1972. Culex restrictor Dyar & Knab 1906, considered to be a 
member of Microculex by Stone, Knight and Starcke (1959:28) and by Knight and 
Stone (1977:269), has been included in the subgenus Anoedioporpa in a separate 
group on the basis of correlated features of adults and immature stages. Micraedes 
Coquillett 1906 is a distinct subgenus as recognized by Berlin (1970). Culex cauch- 
ensis Floch & Abonnenc 1945 and C. mojuensis Duret & Damasceno 1955 have been 
transferred to the subgenus Melanoconion, which contains primarily species with a 
long palpus in the males. 

As stated above, the species with a short palpus in the males are not all closely re- 
lated and therefore cannot be assembled into a single genus or even subgenus. Ac- 
cording to Edwards (1932:188) a study of the male genitalia and other characters 


‘Contribution from project “Mosquitoes of Middle America” supported by U. S. Public Health 
Service Grant AI-04379 and U.S. Army Medical Research and Development Command Research 
Contract DA-49-193-MD-2478. 

* Department of Biology, University of California, Los Angeles, CA 90024. 
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show not only that the Oriental and Neotropical forms belong to different sections 
of the genus, but that even among the Neotropical forms with a short palpus in the 
males, there are several groups distinct in origin. In the Neotropics, this character 
state has developed independently in several groups of Culex such as Micraedes (Bi- 
sulcatus Group), Aedinus, Tinolestes, Anoedioporpa (Conservator Group), Belkino- 
myia and a few species of Melanoconion and probably other subgenera. Micraedes 
has been studied recently by Berlin (1970) and Belkinomyia by Adames and Galindo 
(1973). The present paper is an attempt to study in some detail the 3 principal other 
groups of species of Culex with a short palpus in the males: Aedinus, Tinolestes and 
Anoedioporpa. 

We are indebted to the following individuals: Alan Stone, formerly associated with 
U. S. National Museum of Natural History (USNM), for the loan of types and other 
material; Thomas H. G. Aitken, Yale Arbovirus Research Unit, New Haven, CT, for 
valuable information on amazonensis and accelerans; J. Clastrier, Museum d’ Histoire 
Naturelle, Paris, France for the loan of the type of guyanensis; Peter F. Mattingly of 
the British Museum of Natural History for studying the type of luteopleurus; William 
A. Powder for valuable assistance in the preparation of material; Nobuko Kitamura, 
L. Margaret Kowalczyk and Nancy Martsh for the preparation of preliminary and fi- 
nal drawings; and Sandra J. Heinemann for valuable general assistance and for the 
preparation of the text copy for lithoprinting. 


MATERIAL AND METHODS 


This study is based largely on extensive collections of adults and associated imma- 
ture stages accumulated at the University of California, Los Angeles for the project 
‘“‘Mosquitoes of Middle America’ (Belkin, Schick et al. 1965) and also on material 
from U. S. National Museum of Natural History (USNM) where most of the types 
are deposited. For this revision 4802 specimens were studied, including 739 males, 
702 females, 1011 pupae, 2350 larvae, with 777 individual rearings (198 larval, 482 
pupal and 97 incomplete). 

The method of presentation, terminology and abbreviations used in the descrip- 
tions of taxa in general follow Belkin (1962). No attempt was made to locate hairs 
(?) 16,17,18,19-C on the head capsule and cervical area of the fourth instar larvae, 
although these have been noted by others in some groups (Belkin 1962:87,94,236, 
249, figs. 36,140,156 etc.; 1968a:12, fig. 6; Hochman and Reinert 1974). The exact 
nature of some of these at least has not been determined as yet. 

For every species, all the available stages are illustrated. Each illustration in based 
on topotypic specimens whenever available but the modal value of each character, 
such as hair branching, is based on 5 to 10 specimens when available. In the illustra- 
tions of adults, only pertinent details, such as male genitalia, are given. The type spe- 
cies of all the 3 subgenera and Groups are illustrated in detail. 

In the distribution lists, the arrangements of the countries, their major subdivisions 
and the individual localities are listed alphabetically. All material we have examined 
as well as published records that we consider reliable are given under distribution. 
Political subdivisions and locality names in the distribution lists conform to the re- 
commended usage in the Official Standard Names Gazetteers of the United States 
Board on Geographic Names. 

The abbreviations used for type depositories as well as depositories of material list- 
ed in this paper are as given in “‘A catalog of the mosquitoes of the World” 1977 


Berlin and Belkin: Subgenera Aedinus, Tinolestes and Anoedioporpa 3 


except for UCLA (Dept. of Biology, University of California, Los Angeles, CA 9002- 
4). All the latter material will eventually be deposited in USNM. 


KEYS TO SUBGENERA OF CULEX IN THE AMERICAS 


ADULTS 
i Acrostichal bristles developed on discof mesonotum . . . ye 
Acrostichal bristles not developed except at extreme anterior end pra meso- 
notum and/or near prescuteliag Snace. 2 eR 
2(1). Usually 6 or more lower mep bristles; all femora ere vein C with al- 
ternate brown and yellow scaled areas. . . oe 2 ea 


Usually | or 2 lower mep bristles, rarely 3 or more; fear not conspicu- 
ously speckled; vein C without alternate brown and yellow scaled areas 


ot). Abdomen usually with at least indication of apicolateral or apical pale ter- 
gal markings on some segments ... . » 1 . Neoculex 


Abdomen without apicolateral or apical transverse pale tergal markings; if 
pale markings present, basal or basolateral . 


4(3). Pleuron with distinct scale patchesonstp . . - oe  Caler 
Pleuron at most with a few scales along stp bristles . Ge eee rs, 
5(4). Tarsi with basal light scales . . . . . . . . . +. . in part Microculex 
Tags, completely Gat, a 
6(5). Palpus about 0.35 of proboscis in both sexes, very slender; lower mep with- 
out bristles (Bisulcatus Group) . . . . . in part Micraedes 
Palpus less than 0.25 of proboscis in fralc: and subequal to proboscis in 
WIMIGS 2 ee 
7(6). Pleural integument uniformly pale to yellowish (Restrictor Group) 


. in part Anoedioporpa 
Pleural inteoument mostly pale to yellowish but brown on ppn, lower stp 
and lower mep (Schicki and Erethyzonfer Groups) .__ in part Micraedes 


8(1). Abdomen with iridescent basolateral tergal markings . . . . . Carrollia 
Abdomen completely dark or with noniridescent pale tergal markings .9 

9(8). Vertex of head with at least a line of broad decumbent scales along orbital 
margin, usually all decumbent scales on vertex broad . .Melanoconion 
Vertex scales on head narrow, even along orbital lines. . . . . . . 10 

10(9). Propleural bristles (ppl) very strongly developed, at least 20 (20-25); mid- 
dle mep with a patch of scales and short bristles: . . . . Tinolestes 

Propleural bristles (ppl) poorly developed, fewer than 10, usually about 5; 

middle mep without patch of scales or short bristles . . . . .. 11 
L1(10). : Veine Re and Ry with btoad geales only 5 2 yk tes 4? 
Wee Tk, al he with narrow sCalee) a ee aR 


12(11). Decumbent scales on vertex and sides of head whitish; stp with a narrow 
patch of translucent scales along bristles. . . . ee Aedinus 
Decumbent scales on vertex and sides of head dark; stp at most with a few 
ROaIOs TlOMe Dristleg 2 ee ee Bae Belkinomyia 


4 


13(11). 


4(3). 


5(4). 


6(5). 


7(6). 


8(7). 


9(8). 


10(7). 
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Upper stp with distinct patch of scales . . . . . . in part Microculex 
Upper stp without patch of scales (Conservator Group) . 
es at a tae Wea . in part Anoedioporpa 


MALE GENITALIA 


Paraproct with a dense clump of sharp spicules in addition to blunt teeth 
ee ee ge ore . Culex 
Paraproct with only a single row Gf bhint teeth © 
Lobe. on sidepiece poorly developed §. ... 2 sk eee es ei 
bote Of sderece irene de COR | 8 


Phallosome columnar, blunt and without a basal hook on each side 
Neoculex 
Phallosome not ‘columnar and with a 1 basal hook ¢ on lateral Bee on each 
Se a CG e 


Clasper short, stout, about ie 2 ees of ee i Bane of lateral 
plate with distinct denticles along itslength .. . . . Belkinomyia 

Clasper moderately long, at least 0.5 length of ces basal hook of lat- 
eral plate usually without denticles. . ... TS CS Gan a A 


Paraproct with 22-24 apical teeth; clasper with an external hyaline crest 
at about middle; IX tergite lobe flat, bearing erect bristles on tubercles 
: Tinolestes 
Paraproct with baer than 14 apical teeth: élasper without an external 
crest; [IX tergite lobe variable in shape, bearing weaker setae . . . .6 


Lobe of sidepiece submedian in position, undivided, stem bearing usually 
FP appengare. : . . . Aedinus 
Lobe of sidepiece cubavicat } in Benen, - east faintly divided. Bien of 
proximal division Hearne 2 appendaees: . 8. sO ed 


Distal division of subapical lobe poorly developed, or faintly ee 
from proximal division . . Hes) 

Distal division of subapical lobe dicanedy separated aad subedual; in length 
tO PIOMINID CIVIEION CO ee Se a ee a) 


Apex of clasper usually enlarged, variously shaped ea) or proximal divi- 
sion with an accessory lobe; distal division when present usually with | 
lanceolate seta . . . Carrollia 

Apex of clasper without enlargement: proximal division of lobe without 
an accessory lobe; distal division usually bearing more than | seta . .9 


Lobes of tergite [X distinct, well separated; interlobar space wide, its 
width greater than basal width of one lobe . . . . . . . Microculex 

Lobes of tergite IX distinct, closer; interlobar space narrow, its width less 
than basal wiedthcol One tobe 26. woo ow care... Miereedes 


Lobes of tergite [X enlarged, variously shaped; interlobar space narrow . 
Hoe . Melanoconion 
Lobes of tergite IX smaller. usually moundike: interlobar space wide. 
. Anoedioporpa 
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PUPAE 


CS Abdominal tergite VIII with caudal lobe overlying lateral part of tergite [X 
ne: 

Abdominal tergite VIII ‘eith caudal lobe not overlying lateral part of dere 
Oe tc ean a ee 


201). Paddle margins with Be hairlike spicules (Sehiok and Eo ie 
Groups) .. UP Ne ne . . . in part Micraedes 
Paddle margins smooth pines ie a hilar 


3(2), Hair 5-C extremely long, at least 3.0 of 4-C; hair LIX; absent Sausiiéetus 
GsTOUP). Le . . . in part Micraedes 

Hair 5-C shorter, sabsqtials in length to 4- C: hair 1-IX present but small . 
. Anoedioporpa 


4(1). Meatus of trumpet with narrow slit from eee part of pinna 
: . Melanoconion 
Meatus of trumpet without slit foo ni proximal part CUO ste ee aS 


5(4). Paddle hairs (1,2-P) both absent; paddle with a distinct pigmented spot 
distally along midrib. . . . . Aedinus 
At least 1 paddle hair present; paddle aioe: a distal plemented spot <”..:6 


6(5). Hair 9-VIII well removed cephalad from caudolateral angle and always 
within 0:7 from base 2). gr, dee 
Hair 9-VIII at or immediately adjacent: fo. caudolamiat nite Bib orders Ie Ue 


7(6). Hair 2-III laterad of 1-III; hair 9-VII short, distinctly smaller than 3-VII . 
. . Belkinomyia 
Hair 2- 0 ious of 1-Ill: hair 9-VII longer. Rema loyear than 3-VII .8 


8(7). Hair: 2-Vi1 laterag Or TeV ee ra rE es nr ge 
Hair 2-V1 mesad of T4Vi7 2 fo rs ee oa a aa ake 


9(8). Hair 11-C double; 9-VIII double, shorter than pee of tergite VIII 
Tinolestes 
Hair l ie single: 9 VIII with more < dan 3 branches, ‘at least subequal to 
length of terete Vie. oe es, pee tl. Migrecuiex 


10(8). Only 1 paddle hair (1-P) present; naka 2-VII mesad Va 1-VII . . Carrollia 
Both gas hairs (1 bis distinct; 2-VII eas or laterad in position 
ie 


11(10). Metanotal hair 10-C cade aches mn with 3,4 i aches i 5 he 
Metanotal hair 10-C usually with fewer than 4 branches . . .  Neoculex 


FOURTH INSTAR LARVAE 


1, Labrum produced in front; mouthbrushes thickened, inserted in compact 
groups laterally .. Mon ranger ane By 8 7) 
Labrum not produced in front: ‘mouthbrushes normal: UG ee MN Gist a Lee 


2(1). Hair 2-C strongly developed, always mesad of 1-C; comb scales usually in a 
single row, if in a small patch, then ae with long subventral tufts 
within pecten’’. . . . . Carrollia 

Hair 2-C weakly developed, indistinct c or absent wher present laterad of 
[4c subventra: tults Usually Not Within pecten 20 


6(5). 


7(6). 


&(7). 


9(8). 


10(9). 
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Ventral brush (4-K) with4 pairsofhairs. .. .. . . . . Microculex 
Ventral Drish (44X) with 5 Gr morc pats Ol haits 2. 


Caudolateral border of anal saddle with long slender spines. . Micraedes 
Caudolateral border of anal saddle without spines or with only small in- 
Conspicuous pied 


Prothoracic hair 3-P of the same order of magnitude and thickness as hair 
1-P, usually at least 0.67 aslong . . Culex 

Baie hair 3-P much thinner and ote that hak L-P, asually less 
than 0.5 of its length Pe ee 


Ventral brush with 1 or more hairs proximad of ae siphon without any 
subdorsal tufts distinctly above subventral tufts. . . . . Neoculex 

Ventral brush without any detached hairs proximad of grid; siphon with 1 
or more pairs of subdorsal tufts distinctly above subventral tufts . .7 


Siphonal hair 2-S very strongly developed, recurved and usually with a re- 
curved tooth on shaft; subdorsal tufts on siphon conspicuous . 
. Melanoconion 
Siphonal hair 2- S ee poorly developed but of the same type; 
subdorsal tufts on siphon less conspicuous . 


Saddle hair 2-X long, single . . . . .Anoedioporpa 
Saddle hair 2-X with at least 1 Additiodal subbasa beach : ‘ 9 


Saddle with an attached acus ventrad; hairs 1,2-VIII on sclerotized plates; 


ocular bulge prominent .. . , 4 4. Aedinus 
Saddle without any indication of an acus; hairs 1 a VIII on simple alveoli; 
ocular buive not prominent. ... ... te 
Head capsule with imbrications visible at 200X; hair 2-X mith 3 additional 
short to moderately long subbasal branches. . . . Tinolestes 
Head capsule smooth at 200X; hair 2-X with only 1 additional short sub- 
basal bfaica a a. Belkinomyia 


SUBGENUS AEDINUS Lutz 1904 


INTRODUCTION 


Aedinus was proposed as a distinct genus in 1904 but its authorship was a very in- 
volved problem until Belkin (1968b:48-51) solved it. According to Belkin, Lutz was 
the author of all the nominal taxa in Bourroul’s thesis except mariae, and therefore 
he attributed the generic taxon Aedinus to Lutz in Bourroul 1904 (Lutz 1904a: 12; 
1904b:4) and eliminated Aedinus Bourroul 1904 of Stone, Knight and Starcke 
(1959-281). 

As for the type species, Stone, Knight and Starcke gave for their Aedinus Bourroul 
1904 the haplotype Aedeomyia americana Neveu-Lemaire which was the only species 
referred to Aedinus in the paper where this genus was described (Lutz 1904b:4). But 
in “‘Catalogo”’ (Lutz 1904a:12) in Bourroul’s thesis, americana was questionably re- 
ferred to Aedinus and only A. amazonensis Lutz (n. e.) was included in Aedinus Lutz 
(n. gen.). According to Belkin (1968b:51): “If the designation of americana, which 
is anomen dubium, as type species is accepted, Aedinus also becomes anomen dub- 
ium. In my opinion, a better solution is to consider Aedinus without included spe- 
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cies in 1904 since both amazonensis and nigricorpus were nomina nuda in 1904 (nei- 
ther can be regarded as described by indication by a new generic description since 2 
names are involved) and americana is referred to it questionably, and to designate 
Aedinus amazonensis Lutz, 1905 as the type species as it was the only included spe- 
cies in the first subsequent publication of the genus. This restores Aedinus Lutz, 
1904 as a valid subgenus in Culex in the sense of Lutz, 1904 and 1905, and as it has 
been used before Stone, Knight and Starcke (1959), replacing its subjective junior 
synonym Eubonnea Dyar, 1919.” 

In the present study, Aedinus Lutz 1904 is treated as a distinct subgenus of Culex 
with amazonensis Lutz 1905 as its type species. In addition, accelerans Root 1927 
and 2 recently described species, clastrieri Casal and Garcia 1968 and guyanensis 
Clastrier 1970, are included in this subgenus. 


TAXONOMIC TREATMENT 
Figs. 1-7 


1904. Aedinus Lutz 1904a:12. TYPE SPECIES: Aedinus amazonensis Lutz 1905:103-104, Ma- 
naus, Amazonas, Brazil. Determination by Belkin 1968b:51. 

1919. Eubonnea Dyar 1919:150. *TYPE SPECIES: Culex (Eubonnea) tapena Dyar 1919:150, 
Paramaribo, Suriname; only included species. Synonymy with Aedinus by Belkin (1968b: 
ty). 

Culex (Aedinus) of Dyar (1923b:187,190); Bonne and Bonne-Wepster (1925:279); Edwards (1932: 
220); Anduze (1941b:17); Lane (1949:255; 1953:385); Foote (1954:4); Horsfall (1955:547); 
Galindo and Blanton (1955:68,69-70); Fauran (1961:43); Belkin (1968b:11,51); Stone (1970: 
164); Knight and Stone (1977:194-195, in part). 

Culex (Eubonnea) of Stone, Knight and Starcke (1959:280); Stone (1961:47); Belkin (1962:179); 
Stone (1963:135); Forattini (1965:31,32,34,35,187,192); Cova Garcia, Sutil and Rausseo 
(1966a:27; 1966b:352); Aitken, Spence et al. (1969:213). 

Aedinus of Lutz (1904b:4; 1905: 103-104); Blanchard (1905:620,633); Peryassu (1908:36,51, 
253); Theobald (1910:487); Surcouf and Gonzalez-Rincones (1911:219,223). 


FEMALES (fig. 2). Usually small inornate species, dark brown to blackish and 
with unbanded legs. Head: Eyes not distinctly separated above antennae. Decum- 
bent scales narrow and linear dorsally, predominantly white; broader on sides and 
venter. Erect scales on occiput moderately long, forked apically, extending to sides 
of vertex. Orbital and interorbital bristles strong; upper orbitals 5 (5,6) pairs, heavier, 
longer and more widely spaced than lower. Clypeus bare, dark brown. Proboscis dis- 
tinctly longer than forefemur, entirely dark scaled, with a few basal bristles. Palpus 
short, about 0.2 of proboscis length; 4-segmented; segments 1 and 2 ankylosed, with- 
out scales; segment 4 about 2.0 of segment 3, both dark scaled. Antenna slightly 
longer than proboscis; torus brown, with a few short, dark brown setae mesally; fla- 
gellar segments 2-13 with 6 moderately long bristles in basal whorls. Thorax: Integu- 
ment dark brown. Mesonotum with narrow, curved, auburn to dark scales except 
along a pair of narrow inner dorsocentral “‘bare lines’ extending from anterior mar- 
gin to 0.75 of its length. Acrostichal bristles absent. Bristles on anterior promontory 
distinct; dorsocentrals, prescutellars and supraalars always present, variously devel- 
oped; 2,3 posterior fossal and 1 parascutellar always developed. Antealar area above 
paratergite with scattered dark scales. Median scutellar lobe with 6 long and 6 short 
marginal bristles and a large patch of dark narrow scales; lateral lobe with about 4 
long and 3 short marginal bristles and a small patch of dark narrow scales. Parater- 
gite bare. Pleuron dark brown to blackish. Bristles present on apn, ppn, ppl, stp, pra 
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and upper mep; propleural area with about 10-12 short bristles; lower mep with sin- 
gle, strong bristle; metameron bare. Pleural scaling restricted to ppn and stp; upper 
ppn with a few dark scales; stp with 2,3 rows of flat, translucent, moderately broad 
scales along bristles. Legs: Dark scaled. Claws simple on all legs. Wing: Veins en- 
tirely dark scaled; all scales squamous. Haltere: Stem brown, knob entirely scaled. 
Abdomen: Laterotergite with many moderately long bristles.and a few scattered 
scales. Tergites II-VII predominantly with dark brown scales. Sternites with dull 
white or dark scales. 

FEMALE GENITALIA (fig. 2). Only amazonensis, the type species, studied. Seg- 
ment VIII partially retracted into segment VII, apex visible, numerous bristles and 
scales present; tergite VIII about 0.5 of sternite, both with shallow emargination api- 
cally. Tergite IX well developed, lobes distinct, bearing about 9 short setae; sternite 
IX narrow laterally, membranous in the middle. Postgenital plate about 0.7-0.8 
length of cercus, slightly emarginate apically; each side with 2 apical and 9,10 scat- 
tered setae. Cowl moderately developed, irregularly shaped, bowed laterally to join 
tergite [X. Sigma membranous, finely spiculose, continued medially as a membran- 
ous insula with a group of 9,10 setae. Cerci moderately long, compressed, approxi- 
mate, each with many short to moderately long setae; area between cerci slightly bi- 
lobed. Spermathecae 3, one a little larger than others. 

MALES (fig. 2). Coloration similar to females; sexual dimorphism of head append- 
ages marked. Proboscis longer than forefemur. Palpus porrect, about 0.2 of probos- 
cis length; apparently 4-segmented; segments 1 and 2 ankylosed, without scales; seg- 
ment 4 subequal in length to 3, partly ankylosed, dark scaled. Antenna subequal in 
length to proboscis; whorls of flagellar segments 1-12 strongly developed, with at 
least 24 long bristles; segments 12 and 13 elongate, 13 slightly longer than 12; torus 
not swollen. Claws of foreleg and midleg enlarged, unequal; larger claw on foreleg 
with a submedian tooth, that of midleg without tooth, both claws with basal spicules. 
Hind claws as in females. 

MALE GENITALIA (figs. 3,5,6). Segment IX: Lobes of tergite [IX moderately 
long, distinctly separated, digitiform, bearing a few very short, weak, apical setae. 
Sidepiece: Roughly oval; length about 2.0 greatest width; with longer bristles on ter- 
gal and lateral sides, sternal surface with shorter setae; scales on lateral and/or sternal 
surfaces. Lobe submedian in position, bearing 1 or 2 appendages. Clasper: Compar- 
atively simple or enlarged subapically; spiniform subapical. Phallosome: Lateral 
plate of aedeagus with a broadly sclerotized “‘basal hook,” a caudally directed blunt 
apical process and 2 short sternal processes. Proctiger: Basolateral sclerotization 
moderately developed, produced into a conical lobe below tergite IX; apex of para- 
proct with a crown of 5-9 teeth; cercal setae indistinct. 

PUPAE (figs. 3,6). Cephalothorax: Middorsal ridge moderate. Integument with a 
characteristic pattern of pigmentation. All hairs present, variously developed. Hair 
5-C moderately long, weakly developed, subequal in length to 4-C; hair 6-C smaller 
than and cephalad of 7-C; hairs 8,9-C widely separated, double or triple, 8-C slightly 
and 9-C distinctly caudad of trumpet base. Trumpet: Not placed on tubercle; mod- 
erately long, index 7.0-8.5; pigmentation strong; tracheoid distinct, moderately long; 
apex distinctly flared; pinna moderately long. Metanotum: Hair 10-C shorter than 
11-C, multiple, weakly branched. Abdomen: Integument with a distinct pattern of 
pigmentation. Hair 3-I single; 1-II with at least 15 weak branches, faintly resembling 
float hair (1-I); hair 2-II] distinctly mesad of 1-III, submarginal; hair 5-IV-VI moder- 
ately long, branched, terminating before the apex of succeeding segment; 6-II-VI dou- 
ble; 2-VI,VII always laterad of hair 1; hair 9-VII, VIII single, short, distinctly shorter 
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than corresponding tergite length; 4-VIII at least double; 1-[X small, single. Lobes 
on posterior margin of sternum mesad of 9-VIII indistinct. Tergite VIII never over- 
lapping base of tergite [X. Paddle: Lightly pigmented except for a distal pigmented 
patch along midrib; longer than wide, apex smoothly rounded; midrib strongly dif- 
ferentiated; paddle margin without spicules; both paddle hairs (1,2-P) absent. 
FOURTH INSTAR LARVAE (figs. 4,7). Head: Head capsule faintly imbricate, 
without lateral expansion on each side caudad of antenna. Labrum well differenti- 
ated dorsally. Ocular lobes distinct. Mouthbrushes with numerous filaments. Collar 
moderately develped, narrow. Posterior tentorial pit a short distance from caudal 
border. Maxillary suture complete, extending a short distance caudolaterad of pit. 
Anterior border of labial plate truncate. Aulaeum with distinct filamentous spicules. 
Central tooth of mental plate not shouldered. Hair 0-C small, removed laterad of 1- 
C; hair 1-C strong, straight; 2,3-C not developed; 4-6-C closely grouped together and 
caudad of level of 7-C; hair 5-C single or double, 6-C single, both shorter than anten- 
na; 7-C multiple, with strong, barbed branches; 8-C at least triple (3-5); hair 11-C 
with 3-7 weak branches; 13-C closer to 11-C than to 12-C; hairs 14,15-C not moved 
anteriad; basal maxillary hair (bmh) small, single; 16,17-C not developed. Antenna: 
Hair 1-A long, multiple, about 0.60-0.65 from base; other hairs short to moderately 
long, single. Thorax: Roughly oval in outline, wider than long. Integument gla- 
brous. Hairs 1-3-P on a distinct tubercle; 3-P moderately long, single or double; 14-P 
single or double; O-P, 1,13,14-M, 1,3,13-T with many weak branches, not stellate. 
Abdomen: Integument glabrous; segments darkly pigmented except IV. Hair 2 nev- 
er moved far cephalad of 1, always within posterior half of segment. Segment VIII: 
Comb in a patch of 3,4 irregular rows. Hair 1-VIII on a small tubercle and 2-VIII on 
an elongated sclerotized plate. Siphon: Integument glabrous. Acus long, attached. 
Pecten with denticles on ventral border; 5,6 pairs of subventral (1,1a-S) and 2 pairs 
of subdorsal (2a-S) hairs; proximal subdorsal hair distinctly basad of proximal sub- 
ventral hair; 2-S distinct, slightly curved with a subbasal branch. Anal Segment: Sad- 
dle complete; integument of saddle glabrous; acus present, small, attached; caudal 
margin without spines; lateral hair (1-X) short to very short, multiple, submarginal. 
Hair 2-X long, with 2 subbasal branches; 3-X long, single; ventral brush (4-X) with 6 
pairs of branched hairs on grid. Gills sausage-shaped, ventral slightly longer than dorsal. 


GENERAL CONSIDERATIONS 


SYSTEMATICS. Adults of Aedinus can be separated from those of other Ameri- 
can subgenera of Culex by the combination of the following characters: (1) short 
palpus in both sexes, (2) presence of moderately broad scales on R, and R3 as on 
other veins, and (3) absence of acrostichal bristles. In the male genitalia, Aedinus 
can be distinguished from other subgenera by the combination of: (1) shape of the 
IX tergite lobe which is digitiform and bears short weak setae, (2) nature and posi- 
tion of subapical lobe of sidepiece, (3) shape of clasper, and (4) details of phallosome 
complex. In the pupal stage it differs from others by the combination of: (1) distinct 
pattern of pigmentation on cephalothorax and abdomen, (2) moderately long trum- 
pet with an apical flare, (3) nature and branching of hair 9-VII,VIII, and (4) pigmen- 
ted spot on the paddle. In the larval stage, Aedinus can be distinguished from other 
subgenera by the combination of: (1) width of head greater than length, (2) faint im- 
brications on head capsule, (3) distinct ocular bulge, (4) 6 pairs of hairs in ventral 
brush, (5) hair 2-X with 1 or 2 additional subbasal branches, (6) hairs 1,2-VIII on dis- 
tinct sclerotized plates, and (7) attached acus on anal saddle. The last character dis- 
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tinctly separates Aedinus from all other subgenera of Culex. 

All recognized species of Aedinus are difficult or nearly impossible to differentiate 
as preserved adults. The description and recognition of all species have been primari- 
ly based on male genitalia which provide excellent diagnostic features. The imma- 
ture stages of clastrieri and guyanensis are unknown, but when found, will probably 
be more similar to amazonensis than to accelerans. In the immature stages, amazo- 
nensis displays clearcut differences from accelerans; therefore, characters in the lar- 
val and pupal stages may also help in differentiating the various species within the 
subgenus. 

BIONOMICS AND MEDICAL IMPORTANCE. Species of Aedinus breed primari- 
ly in swamp margins and root caves in swamp interiors in virgin forests and occasion- 
ally in ground pools in partially forested areas. Though blooded females have been 
collected, it is not known whether females are attracted to man. Arboviral studies 
on amazonensis and accelerans show that they harbor a spectrum of viruses (Aitken, 
Spence et al. 1969:212-213). While females of accelerans inoculated into mice yield- 
ed 3 viruses (VEE, Caraparu and Nepuyo), those of amazonensis have been found to 
be infected with 7 different arboviruses (VEE, Caraparu, Catu, Guama, Wyeomyia, 
Bushbush and Aruac). It appears, therefore, that they are involved in the transmis- 
sion of these viruses in the different animals in the forests. Additional information 
can be found in the bionomics sections of the individual species accounts. 

DISTRIBUTION (fig. 1). The subgenus Aedinus is distributed primarily in north- 
ern South America and penetrates into Panama. Apparently all species are restricted 
to swampy coastal areas and penetrate deep into the mainland only along the mouth 
of the Amazon River. Of the 4 described species of the subgenus, amazonensis and 
accelerans appear to have a wider distribution in terms of range and number of indi- 
viduals. On the other hand, clastrieri and guyanensis have a restricted distribution. 

The subgenus is confined to the mainland of the neotropics. The northern limit 
appears to be Panama, and no species of Aedinus has been reported north of this 
area; the southern limit is Porto das Caixas, Rio de Janeiro, Brazil, the type locality 
of accelerans. 

AFFINITIES. Aedinus is a distinct subgenus of Culex and several subgenera have 
been erroneously synonymized with it (Stone, Knight and Starcke 1959:281). 
Though adults of Aedinus show resemblance to those of Tinolestes and Belkinomyia, 
the subgenus is distinct in the male genitalia, immature stages and biology (breeding 
sites). The following combination of characters in the male genitalia and immature 
stages of Aedinus may be diagnostic for the subgenus; in the male genitalia by: (1) 
position and details of the lobe of sidepiece, (2) details of clasper and phallosome 
complex, and (3) shape of IX tergite lobes; in the pupae by: (1) characteristic integu- 
mental pigmentation, (2) nature and branching of hair 9-VII, VIII, (3) pigmented 
spot in the paddle, and (4) absence of both paddle hairs (1,2-P); in the larvae by: (1) 
faint imbrications on head capsule, (2) hairs 1,2-VIII on distinct sclerotized plates, 
(3) distinct attached acus on saddle, and (4) 6 pairs of hairs on ventral brush (4-X). 
In spite of some slight overlap with Tinolestes and Belkinomyia, Aedinus is a distinct 
group and should be retained as a subgenus of Culex. 


2(1). 


AY), 


3(2). 
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KEYS TO SPECIES OF AEDINUS 


ADULTS 
Abdominal sternites white scaled. . ...°.°.. ¢°. 3...” 1. amazonensis 
Abdomina! stermiites dark scaled. 2 2 a 8 
Picuron pale browi - a ee 2 clase 
CT eo . 3. guyanensis 
Pleuron dark, with a smoky bluish gray iridescence. . . . . 4. accelerans 


MALE GENITALIA 


Clasper simple, not enlarged subapically; — on subapical lobe of 


sidepiece distinctly longer than stem . . . . 4. accelerans 
Clasper distinctly enlarged subapically; appendage on subapical lobe of side- 
piece shorter than siem- 4. ee Py ei ee 
Expanded portion of clasper sharply attenuating distally; dorsal surface of 
sidepiece laterad of subapical lobe with a few bristles . . J. amazonensis 
Expanded portion of clasper gradually tapering distally; dorsal surface of 
sidepiece laterad of subapical lobe with a dense patch of bristles . . .3 


Stem of subapical lobe of sidepiece with 2 setae, subapical and subbasal; 
appendage on subapical lobe moderately long, pointed, about 0.7 of stem 
. 2. Clastrieri 
Stem of subapical lobe of sidepiece with only mall subasical scta: append- 
age on subapical lobe short, blunt apically, less than 0.5 of stem 
. 3. guyanensis 


PUPAE 
(2. clastrieri and 3. guyanensis unknown) 


Pinna moderately long, about 0.35 length of trumpet; tergite VIII elon 
lightly pigmented; metanotal pigmentation uniformly light . 

. . IL, amazonensis 

Pinna shorter, less. than 0. 25 length of trumpet: tergite VIII with distinct 
median oie lateral pigmented areas extending entire length of tergite; 
metanotum pigmented at middie. . ...°:-... .°...... 2, aceelerans 


LARVAE 
(2. clastrieri and 3. guyanensis unknown) 


Hair 5-C double; 2-X usually with only | additional, short subbasal branch; 
siphon with 5 Pairs of subventral hairs. 4... . . I. amazonensis 

Hair 5-C single; 2-X with 2 additional subbasal ranches: siphon with 6 pairs 
OUSUDVENITA Tate ob ee eee? ageelerans 
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1. Culex (Aedinus) amazonensis (Lutz) 
Figs. 1,2,3 


1905. Aedinus amazonensis Lutz 1905:103-104. TYPE: Syntypes male, female, Manaus, Ama- 
zonas, Brazil, date and collector not specified [LU]. 

1919. Culex (Eubonnea) tapena Dyar 1919:150. *TYPE: Holotype male, Paramaribo, Suriname, 
5 Jan 1919, J. Bonne-Wepster [USNM, 11623]. Synonymy with amazonensis by Dyar 
(1923b:189). 

1922. Culex (Carrollia) paraplesia Dyar 1922b:192-193. *TYPE: Holotype male, Puerto Nino, 
Colombia, 21 Feb 1922, F.A. Miller [USNM, 25762]. Synonymy with amazonensis by 
Dyar (1923b:189). 

1923. Culex hildebrandi Evans 1923b:377-380. *TYPE: Holotype male, Manaus, Amazonas, 
Brazil, 1922, A.A. Clark [BM]. Synonymy with amazonensis by Dyar (1923b:189). 

Culex (Aedinus) amazonensis of Howard, Dyar and Knab (1915:217); Dyar (1923b:190; 1924: 
183); Bonne and Bonne-Wepster (1925:184,279-281); Edwards (1932:220); Lane (1939:81; 
1953:378,385-386); Anduze (1941b:17; 1947:358); Floch and Fauran (1954:2-3); Galindo and 
Blanton (1955:70); Castro, Garcia and Bressanello (1959:552); Cerqueira (1961:31); Fauran 
(1961b:43); Belkin (1968b:11,15,51); Belkin, Schick and Heinemann (1971:27); Knight and 
Stone (1977:195); Heinemann and Belkin (1978a:183; 1978b:393 407, 437,456; 1978c:523; 
1979:80,94,107). 

Culex (Eubonnea) amazonensis of Stone, Knight and Starcke (1959:280-281); Stone (1961:47; 
1963:135); Forattini (1965:26,35,187); Cova Garcia, Sutil and Rausseo (1966a:27; 1966b:101, 
352); Aitken, Spence et al. (1969:210,212-213); Xavier and Mattos (1975:245, as Eubonnea). 

Culex amazonensis of Fauran (1961a:8-11). 

Aedinus amazonensis of Blanchard (1905:633); Peryassu(1908:51,253-2 54); Theobald (1910:487); 
Surcouf and Gonzalez-Rincones (1911:223-224). 

Culex (Eubonnea) tapena of Bonne-Wepster and Bonne (1923:126); Stone and Knight (1957:59). 


FEMALE (fig. 2). Wing: 2.25 mm. Proboscis: 1.4mm. Forefemur: 1.1 mm. Ab- 
domen: 1.6-1.7 mm. As described for the subgenus with the following additional 
features. Head: Decumbent scales on vertex narrow, white, broader on sides and 
venter. Erect scales dark brown. Palpus short, dark scaled. Thorax: Pleuron light 
brown to gray. Propleural areas with 9-12 short bristles. Legs: Coxae with brown 
scales on external surface; trochanters with ventral brown scales. Forefemur and 
midfemur with auburn scales anteriorly, scales on posterior side creamy basally, rest 
auburn; scales on hindfemur mostly creamy ventrally, auburn dorsally. Tibiae and 
tarsi of all legs with auburn scales. Wing: Scales on all veins dark, squamous and 
moderately broad. Haltere: Stem pale brown, knob with auburn scales. Abdomen: 
Tergites auburn, scales on lateral areas paler; sternites with whitish to creamy scales. 

MALE (fig. 2). Wing: 2.4 mm. Proboscis: 1.7 mm. Forefemur: 1.25-1.30 mm. 
Similar to female in general features. Palpus short, about 0.2 length of proboscis. 

MALE GENITALIA (fig. 3). Diagnostic characters as in the key. Segment IX: 
Tergite lobes moundlike, distinctly separated, each bearing a subbasal digitiform ap- 
pendage with 6-10 short weak apical setae. Sidepiece: Ovate, length about 2.0 of 
greatest width; lateral surface with longer bristles and sternal side with shorter setae; 
scales present on basolateral and sternal surfaces; 4-6 broad saberlike setae and about 
5,6 rounded bristles distad and 5,6 rounded setae laterad of lobe. Lobe: Submedian 
in position, stem distinct, undivided; apex bearing a short pointed appendage; a short 
subbasal seta on stem. Clasper: Long, about 0.7 length of sidepiece, expanded sub- 
apically, sharply attenuating distally; spiniform short, simple. Lateral Plate: Basal 
hook broadly sclerotized and strongly curved; apical process broadly rounded and 
denticulate; sternal part split into 2 short processes. Proctiger: Cercal sclerite 
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short, triangular; cercal setae absent. Paraproct with 8,9 blunt apical teeth. 

PUPA (fig. 3). Abdomen: 2.4-2.5 mm. Trumpet: 0.55-0.60 mm; index 8.0-8.5. 
Paddle: 0.65-0.70 mm. As described for the subgenus with the following additional 
features. Diagnostic characters as in the key. Cephalothorax: Integument with the 
characteristic pattern of pigmentation; middorsal ridge area, lateral and posterior 
parts of wing case, and middle portions of leg cases moderately pigmented, rest light- 
er. Hair 4C usually double; 5-C usually 4-branched (2-6) and subequal in length to 
4-C; hair 7-C usually triple (2-4); hairs 8,9-C double. Trumpet: Moderately pigment- 
ed, apex distinctly flared; pinna moderately long, about 0.30-0.35 length of trumpet; 
tracheoid distinct, strongly pigmented. Metanotum: Uniformly moderately pig- 
mented. Hair 10-C multiple (5-9), weakly branched; 1 1-C single; 12-C usually triple 
(2-4). Abdomen: Except for tergite V, uniformly lightly pigmented, progressively 
lighter caudad; tergite V moderately pigmented and distinctly contrasting with other 
tergites. Hair 1-IJ multiple (22-31), weakly branched, faintly resembling float hair 
(1-I); hair 1-II-VI multiple, usually with 3-5 branches; 2-III mesad and 2-IV-VII later- 
ad of hair 1; hair 9-VII,VIII single; 4-VIII usually triple. Paddle: Lightly pigmented; 
pigmented spot apically at level of midrib; apex smoothly rounded. Male genital 
lobe extending to 0.4 and female genital lobe to 0.2 of paddle. 

FOURTH INSTAR LARVA (fig. 4). Head: 0.6 mm. Siphon: about 1.5 mm. 
Anal Saddle: 0.3 mm. As described for the subgenus with the following additional 
features. Diagnostic characters as in the key. Head: Width about 1.5-1.6 of length. 
Mental plate well developed, with 7,8 lateral teeth. Hair 4-C usually double (2-4), 
anteriad of 5-C; hair 5-C double, barbed; 7-C with 5-7 strong barbed branches, ex- 
tending to base of antenna; 1 1-C with 3-7 weak branches. Antenna: Integument yel- 
lowish; spiculate to base of 1-A; hair 1-A with 22-29 barbed branches. Thorax: Inte- 
gument glabrous. Hairs unbranched or with branches of varied length, not stellate. 
Abdomen: Integument glabrous. Hairs 1,2,4,11,13-I, 1,2,5,9,13-II, 1,2,5,7-9, 13-III- 
VI, 1,2,5,8,10,13-VII unbranched, or with branches of varied length and thickness, 
never stellate; 6-I,II long, double, branches subequal; 7-I long, single; 7-II short, mul- 
tiple; 6-IJI-V moderately long, at least triple, branches subequal; 6-VI shorter, usually 
triple (2,3), branches subequal. Segment VIII: Comb scales spatulate, 30-39 in num- 
ber, apex fringed. Hari 2-VIII double; 5-VIII usually 4-branched. Siphon: Integu- 
ment yellowish, with a narrow basal dark ring; long, index about 14-15. Pecten with 
17 (16-18) teeth, extending to basal 0.25; each tooth with 7,8 denticles on ventral 
border; only 5 pairs of subventral (1,1a-S) hairs present. Anal Segment: Integument 
yellowish. Hair 1-X short, weakly branched; 2-X long, usually with 1, rarely 2, short 
to moderately long subbasal branches. Gills about length of saddle, sausage-shaped, 
ventral slightly longer than dorsal. 

SYSTEMATICS. Culex amazonensis can be distinguished from the remaining 
known members of Aedinus by the following combination of attributes; in the male 
genitalia: (1) expanded portion of clasper sharply attenuating distally and (2) dorsal 
surface of sidepiece laterad of lobe with only a few bristles; in the pupa: (1) moder- 
ately long pinna of the trumpet and (2) tergite VIII uniformly lightly pigmented; 
and in the larva: (1) hair 5-C double, (2) 2-X with only 1 additional, short, subbasal 
branch, and (3) 5 pairs of subventral hairs (1,1a-S) on siphon. 

We have seen adults of amazonensis from Panama, Colombia, Ecuador, Venezuela, 
Guyana, Suriname, French Guiana and Brazil. The immature stages are known only 
from Trinidad, Brazil, Suriname and Panama. There is no appreciable variation in 
the male genitalia of these different populations. We have made no attempt to check 
carefully the identity of all the other current synonyms of amazonensis listed in 
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Stone, Knight and Starcke (1959:280-281) and above, but from their descriptions 
and limited material at hand, tapena Dyar 1919, paraplesia Dyar 1922 and hilde- 
brandi Evans 1923 appear to be conspecific with amazonensis. 

BIONOMICS. The immature stages of amazonensis have been found usually in 
swamp margins and root caves in the swamp interior, and occasionally in ground 
pools, at low elevations in forested areas. Females are apparently zoophilic, but it is 
not known whether they are attracted to man. According to Galindo and Blanton 
(1955:70), this species is the commonest Culex of the Pacific coastal swamps of Pan- 
ama. The males exhibit a very strong positive phototropism and are picked up in 
large numbers in light traps set near the breeding places. Studies on feeding patterns 
in Panama show that amazonensis prefers mammals, with 87.9% of the blood meal 
from this group. Most specimens (about 65%) fed on cricetid rodents, probably 
hamsters which were used as sentinel animals, or cotton rats which were common in 
the Tocumen swamps along the Pacific coast of Panama (Tempelis and Galindo 
1975:205-209). 

Culex amazonensis appears to be an important species in harboring a spectrum of 
arboviruses. Studies by Aitken, Spence et al. (1969:207-215) in Trinidad show that 
during a 10-year survey of arthropods for natural viral infections, 7 different viruses 
(VEE, Caraparu, Catu, Guamo, Wyeomyia, Bushbush and Aruac) have been isolated 
from amazonensis. While no viruses were detected during 1953-58 surveys, 7 viruses 
were isolated in 1959-63 when inoculated into mice. This shows that this species is 
potentially becoming important in harboring viruses, but it is not known whether it 
can transmit the viruses in nature by the bites of its females. 

DISTRIBUTION (fig. 1). Culex amazonensis is known from the Pacific and A tlan- 
tic coasts of Panama, from Colombia, Ecuador, Venezuela, Guayan, Suriname, 
French Guiana, and Atlantic lowlands and coastal areas of Brazil. 

Material Examined: 404 specimens; 81 males, 104 females, 67 pupae, 152 larvae; 
54 individual rearings (19 larval, 23 pupal, 12 incomplete). 

BRAZIL. Para: Belem, 2M, det. A. Toda [FH; E-822, E-232]; Bosque Rodrigues Alves, 11 Apr 
1941, W.H.W. Komp, 3M (KO 29-8) [UCLA] ; IPEAN, Catu Forest, 20 m, 25 July 1969, B.T. and 
B.G. Aitken, 1 pM (BRA 6-14), 1 L (6), 1 lpF (BRA 7-13), 1 lp (7-11), 1 L(7) [UCLA] ; IPEAN, 
Reserva de Aura, 1-10 m, 7 Aug 1969, B.T. and B.G. Aitken 1 lpM (BRA 22-14), 1 lpF (22-18), 2 
pF (22-25, -44), 4 IP (22-24,-27,-38,-40), 8 L (22), 1 P (BRA 24); IPEAN, Reserva de Aura, 1-10m, 
8 Aug 1969, B.T. and B.G. Aitken, 2 pF (BRA 28-11,-13), 1L (28) [UCLA] ; Utinga (Xavier and 
Mattos (1975:247), 1M, det. A. Toda [FH; 15964]. Sao Paulo: Juquia, det. P.C.Antunes, Coutin- 
ho and J. Lane [FH; 1019, 1020, 1022, 3019, 5930, 5931, 5932]. 

COLOMBIA. Antioquia: Murindo, 1924, L.H.Dunn, 2M [USNM]. Boyaca: Puerto Boyaca, 
Calderon, 170 m, 25 Nov 1970, C.J. Marinkelle, 1M (COM 496) with genitalia slide (701229-11) 
[UCLA]. Caqueta: Tres Esquinas, Los Alicangaros, 190 m, 8 Aug 1970, C.J. Marinkelle, 12F 
(COM 494) [UCLA]. Cordoba: Monteria, Turipana, 10 m, 5-6 Oct 1969, W.A. Page, 5M, 9F 
(COL 422) [UCLA]. Meta: Puerto Porfia, 160 m, 9 Sept 1971, C.J. Marinkelle, 1F (COM 595) 
[UCLA]. Villavicencio, Finca Porvenir, 450 m, 22 July 1971, C.J. Marinkelle, 1M (COM 530) 
[UCLA]. Santander: Lebrija, 900 m, 10 Apr 1966, C.J. Marinkelle, 4F (COM 64A); 12 Apr 1966, 
C.J. Marinkelle, 9F (COM 64C) [UCLA]. Locality unspecified: F.A. Miller, 1F [USNM]. 

ECUADOR. Los Rios: Babahoyo, Levi-Castillo, 1M, 5F [USNM]|. Napo: Coca, Isla Pompeya, 
250 m, 19-26 May 1965, L.E. Pena G., 10F (ECU 19) [UCLA]. Cuyabeno, Tarapoa, 300 m, 25 
May 1974, D.J. Pletsch, IMgen (ECU 228/74-307) [UCLA]. Locality unspecified: May 1974, D. 
J, Pletsch, 1. (ECU 215) [UCLA]. 

FRENCH GUIANA. Guyane: Cayenne, Mont Cabassou, 30 m, 31 Jan 1965, T.H.G. Aitken, R. 
Martinez and A. Guerra, 1M, 1F (FG 15); foret de Cabassou, 4 Sept 1967, J. Clastrier, 1M (FGC 
3247-19); foret de Cabassou, 10 Jan 1968, E.N. DeFreitas, 2M (FGC 3299-45,-76,-97,-121), 3Mgen 
(3299-166,-181,-194); foret de Cabassou, 21 Feb 1968, J. Clastrier, 1M (FGC 3305-3); foret de 
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Cabassou, 21 Aug 1968, J. Clastrier, 1M (FGC 452-9); foret de Cabassou, 11 Sept 1968, J. Clastrier, 
2M (FGC 467-16,-26), 2Mgen (467-70,-75) [UCLA]. Degrad des Cannes, Gravier, Pascaut (Fauran 
1961b:43). Kaw, 5 m, 6 Mar 1969, J. Clastrier, 1F (FGC 3996) [UCLA]. Remire, Pripris Cabas- 
sou near Port Beauregard, 5 m, 13 Mar 1967, R.X. Schick and J. Frederick, 1 IP (FG 126-42), 1F, 
2L (126) [UCLA]. 

GUYANA. Demerara: Hyde Park, 1 Aug 1941, L.E. Rozeboom, 1M, 1F (BGR 5) [UCLA]. 

PANAMA. Bocas del Toro: Almirante, 10 m, 29 Apr 1963, A. Quinonez, 2M (PA 288); 14 or 
15 Apr 1964, A. Quinonez, 1F (PA 666) [UCLA]. Canal Zone: Mojinga Swamp, 3 Aug 1932, 1M; 
Aug 1932, 6Mgen [USNM]. Darien: El Real, 8 Aug 1952, 1M (GML 01325) [USNM]. Panama: 
Pacora, 16 Oct 1946, W.H.W. Komp, 1M [USNM]. Tocumen, 1 Oct 1946, W.H.W. Komp, 1M; 10 
Oct 1946, W.H.W. Komp, 2M [USNM];5 m, 11 Sept 1963, A. Quinonez, 1 lpM (PA 553-14) [UC- 
LA]. No data: 1Mgen [USNM]. 

SURINAME. Para: Onverwacht, 10 m, 7 Apr 1967, H. deKruif and Nur, 1 pM (SUR 226-100), 
4L (226), 1 lpF (SUR 227-20) [UCLA]. Suriname: Paramaribo, Ma Retraite, 5 m, 22-27 Aug 
1963, P. Bolwerk, 2M (SUR 17) [UCLA]. , 

TRINIDAD. Nariva: Bush Bush Forest, Nariva Swamp, near sea level, 15 Sept 1959, T.H.G. 
Aitken, 2M; 27 Nov 1963, M. Takahashi, 1F; 4 Dec 1963, M. Takahashi, 1M [USNM]; 27 Dec 
1963, TRVL, 1M (TR 22) with genitalia slide (660531-6), 2F, SP, 8L (TR 22); 16 Jan 1964, T.H. 
G. Aitken, 1M (TR 32) with genitalia slide (660420-3); 18 Feb 1964, TRVL, 4L (TR 74), 1 lpM 
(TR 75-137), 1 IpM (TR 76-138), 1 IP (76-139), 3L (76), 4L (TR 80); 17 Mar 1964, TRVL, 3L 
(TR 208); 23 Mar 1964, TRVL, 1L (TR 236); 31 Mar 1964, TRVL, 2L (TR 243), 1L (TR 244), 1 
L (TR 245), 3L (TR 246); 20 Apr 1964, TRVL, 3 pF (TR 347-126-128), 1L (347), 3L (TR 348), 
1 IP (TR 349-160), 4L (349), 1 pM (TR 350-126), 2L (350), 1 pM (TR 351-127), 2 pF (351-121, 
-126), 2 pM (TR 352-127,-128), 1 lpF (TR 353-137), 1 pM (353-125), 4 pF (353-122-124,-128), 1 
pM (TR 354-130), 1 pF (354-129); 28 Apr 1964, TRVL, 1 lpM (TR 358-193), 1L (TR 359), 1 IP 
(TR 360-116), 1L (TR 361), 3L (TR 362), 4L (TR 363); 19 May 1964, TRVL, 1 lpF (TR 415- 
115), 1 IP (415-120), 2L (415); 26 May 1964, TRVL, 1L (TR 421), 1L (TR 422), 2L (TR 423); 2 
June 1964, TRVL, 1 IP (TR 433-130), 3L (433), 1 lp (TR 434-138), 1L (434), 1 IP (TR 435-133), 
2 IpF (TR 436-139,-140), 2L (TR 438), 1 lpF (TR 439-140), 1 IpF (TR 440-186); 9 June 1964, 
TRVL, 1 lpF (TR 447-160), 1 lpF (TR 448-182); 31 July 1964, TRVL, 2L (TR 580), 4L (TR 
581), 7L (TR 582), 6L (TR 583); 29 Mar 1965, TRVL, 2L (TR 1065), 1L (TR 1067), 1L (TR 
1070), 1L (TR 1071) [UCLA]. St. Andrew: Coryal, 50 m, 18-19 June 1964, A. Guerra, 3F (TR 
499) [UCLA]. Esperanza Estate, 6-7 Oct 1969, T.H.G. Aitken, 1M [USNM]. La Fortune Estate, 
20 Nov 1959, T.H.G. Aitken, 1M [USNM]. Rio Grande Forest, 4 Oct 1958, T.H.G. Aitken, 1M 
[USNM]. Turure Forest, 30 m, Oct 1966, F. Guerra, 1F (TR 1618) [UCLA]. Valencia Road 6 
milepost, 30 m, 1 Oct 1964, A. Guerra, 1 IlpM (TR 743-105), 1 lpF (743-105), 3M, 2F, 5P, 2L 
[UCLA]. St. George: Agua Santa, 30m, 15 July 1965, A. Guerra, 3L (TR 1253); 29 July 1965, 
A. Guerra, | IpF (TR 1292-20), 1 pF (1292-101), 1P, 1L (1292); 12 Aug 1965, A. Guerra, 10L 
(TR 1317) [UCLA]. 

VENEZUELA. Monagas: Caripito, July 1937, P. J. Anduze, 1Mgen [USNM]. Zulia: Catatum- 
bo River, L.H. Dunn, 2M, 1Mgen,11 F [USNM]. Locality unspecified: 11 Feb 1973, CDC, 1F 
(VZ 423) [UCLA]. No data: 1Mgen [USNM]; 1M, det. P.J. Anduze [FH; 10107]. 


2. Culex (Aedinus) clastrieri Casal & Garcia 
Figs, 1.5 


1968. Culex (Eubonnea) clastrieri Casal and Garcia 1968:119-120. *TYPE: Holotype male, 
Belem, Para, Brazil, 29 Nov 1959, Eber and Evangelista [INM] . 
Culex (Aedinus) clastrieri of Stone (1970: 164); Belkin, Schick and Heinemann (1971:27); Knight 
and Stone (1977:195); Heinemann and Belkin (1978b:407). 
Culex (Eubonnea) clastrieri of Xavier and Mattos (1975:247, as Eubonnea). 


FEMALE. Unknown but probably very similar to amazonensis in coloration. 
MALE. Wing: 2-3 mm. Proboscis: 1.6 mm. Forefemur: 1.35 mm. Very similar 
to amazonensis in general features and coloration, differing in the following. Erect 
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scales on vertex brown. Pleural integument light brown. Abdominal tergites com- 
pletely brown; sternites dark scaled. 

MALE GENITALIA (fig. 5). Diagnostic characters as in key. Segment IX: Ter- 
gite lobes distinctly separated, digitform, each with 8-10 short, weak apical setae. 
Sidepiece: Ovate, length about 2.0 of greatest width; lateral surface with longer bris- 
tles, sternal side with shorter setae; scales present on basolateral and sternal surfaces; 
3 broad saberlike setae and 3 rounded bristles distad, and a dense patch of rounded 
bristles (25-30) laterad of lobe. Lobe: Submedian in position, stem distinct, undi- 
vided; appendage moderately long, pointed, about 0.7 of stem; stem with a subbasal 
and a subapical seta. Clasper: Long, about 0.65 length of sidepiece; expanded sub- 
apically, gradually tapering distally; expanded region bearing external ridges contin- 
ued proximally and distally as fine striations; spiniform short, simple. Lateral Plate: 
Basal hook broadly sclerotized and strongly curved; apical process broadly rounded 
and denticulate; sternal part split into 2 short processes. Proctiger: Cercal sclerite 
short, triangular; cercal setae absent. Paraproct with 6 blunt apical teeth. 

SYSTEMATICS. Culex clastrieri is known only by the male and can be distin- 
guished from other species of Aedinus in the male genitalia by the combination of: 
(1) expanded portion of clasper gradually tapering distally, (2) dorsal surface of side- 
piece laterad of lobe with a dense patch of bristles, (3) stem of lobe with a subbasal 
and a subapical seta, and (4) moderately long, pointed rod on stem of lobe. 

We have seen only 3 males of clastrieri from French Guiana, and they appear to be 
similar to the description of the type. 

BIONOMICS. The immature stages are unknown but will probably be found in 
swamp margins and root caves in swamp interiors. The 3 males from French Guiana 
were caught overnight (1700-1000 h) in a Chamberlain light trap in a partially cut 
forest. | 
DISTRIBUTION (fig. 1). C. clastrieri has been reported from coastal areas of Pa- 
ra, Brazil and French Guiana. 

Material examined: 4 specimens; 4 males; no individual rearings. 

BRAZIL. Para: Belem, 29 Nov 1969, Eber and Evangelista, 1M [INM, holotype]. 

FRENCH GUIANA. Guyane: Cayenne, Raban, 5 m, 2-3 Feb 1965, T.H.G. Aitken, R. Martinez 
and A. Guerra, 3M (FG 43) [UCLA]. 


3. Culex (Aedinus) guyanensis Clastrier 
Figs. 1,5 


1970. Culex (Eubonnea) guyanensis Clastrier 1970:115-118. TYPE: Holotype male ({FGC] 
3425-12), foret de Cabassou, Cayenne, French Guiana, 24 May 1968, J.Clastrier [MNHP]. 

Culex (Aedinus) guyanensis of Knight and Stone (1977:195). 

Culex (Eubonnea) guyanensis of Fauran arid Pajot (1974:103). 

Culex (Aedinus) clastrieri of Heinemann and Belkin (1978b:437). 


FEMALE. Unknown, but probably very similar to amazonensis in coloration. 

MALE. Wing: 2.6 mm. Proboscis: 1.67 mm. Forefemur: 1.5 mm. Very similar 
to amazonensis in general features and coloration, differing in the following. Pleural 
integument brown. Abdominal tergites completely brown; sternites dark scaled. 

MALE GENITALIA (fig. 5). Not seen; based on the description of Clastrier (1970: 
116-118). Diagnostic characters as in key. Segment IX: Tergite lobes distinctly sep- 
arated, digitiform, each with 9,10 short, weak, apical setae. Sidepiece: Ovate, length 
about 2.0 of greatest width; lateral surface with longer bristles, sternal side with 
shorter setae; scales present on basolateral and sternal surfaces; 2 broad saberlike se- 
tae and 4 rounded bristles distad, and a dense patch of about 25 bristles laterad of 
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lobe. Lobe: Submedian in position, stem distinct, undivided; appendage short, 
blunt apically, about 0.5 of stem; stem with a subapical seta. Clasper: Long, about 
0.7 length of sidepiece; expanded subapically, gradually tapering distally; expanded 
region bearing external ridges, continued proximally and distally as fine striations; 
spiniform short, simple. Lateral Plate: Basal hook broadly sclerotized and strongly 
curved; apical process broadly rounded and denticulate; sternal part split into 2 
short processes. Proctiger: Cercal sclerite and paraproct apparently as in amazonen- 
sis. 

SYSTEMATICS. Culex guyanensis is known only by the holotype male from Cay- 
enne, French Guiana and is separated from other members of Aedinus in the male 
genitalia by the combination of: (1) expanded portion of clasper gradually tapering 
distally, (2) dorsal surface of sidepiece laterad of lobe with a dense patch of bristles, 
(3) stem of lobe with only 1 subapical seta, and (4) short, blunt appendage on stem 
of lobe. 

The holotype male of guyanensis appears to be very similar to clastrieri in general 
features and coloration. | 

BIONOMICS. The immature stages of guyanensis are unknown but will probably 
be found in swamps. The holotype male was caught in a light trap, and therefore 
like other species of Aedinus it appears to be nocturnal. 

DISTRIBUTION (fig. 1). Culex guyanensis is known only from its type locality 
in French Guiana. 

Material examined: | specimen; | pinned male (holotype; genitalia not seen); no 
individual rearings. 

FRENCH GUIANA. Guyane: Cayenne, foret de Cabassou, 24 May 1968, J. Clastrier, 1M (hol- 
otype, [FGC] 3425-12) [MNHP]. 


4, Culex (Aedinus) accelerans Root 
Figs. 1,6,7 


1927. Culex (Aedinus) accelerans Root 1927:581. *TYPE: Holotype male, Porto das Caixas, 
Rio de Janeiro, Brazil, 15 Apr 1925, F.M. Root [USNM]. 

Culex (Aedinus) accelerans of Edwards (1932:220); Lane (1939:80; 1953:386); Galindo and Blan- 
ton (1955:69-70); Stone and Knight (1957:58); Fauran (1961b:43); Belkin (1968b:11); Belkin, 
Schick and Heinemann (1971:27); Knight and Stone (1977:194); Heinemann and Belkin (1978a: 
183; 1978b:407,437,445; 1978c:537). 

Culex (Eubonnea) accelerans of Stone, Knight and Starcke (1959:280); Stone (1961 :47); Forattini 
(1965:36,186,187); Aitken, Spence et al. (1969:210,212-213). 


FEMALE. Wing: 2.6-2.7 mm. Proboscis: 1.4-1.5 mm. Forefemur: 1.4mm. Ab- 
domen: 2.0-2.1 mm. Similar to amazonensis in general features and coloration, dif- 
fering in the following. Erect scales on vertex brown. Pleural integument dark with 
a smoky bluish gray iridescence. Abdominal tergites completely dark; sternites dark 
scaled. 

MALE. Wing: 2.50-2.55 mm. Proboscis: 1.50-1.55 mm. Forefemur: 1.4 mm. 
Similar to female in general features. Palpus short, about 0.2 length of proboscis. 

MALE GENITALIA (fig. 6). Diagnostic characters as in key. Segment IX: Ter- 
gite lobes moundlike, distinctly separated, each bearing a subbasal digitiform append- 
age with 5,6 short, weak apical setae. Sidepiece: Ovate, length about 2.0 of greatest 
width; tergal and lateral surfaces with longer bristles, sternal side with shorter setae; 
scales on lateral surface. Lobe: Submedian in position, stem distinct, undivided; 
apex with 2 closely appressed pointed sabers; 1 subbasal seta on stem of lobe. 
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Clasper: Long, about 0.7 length of sidepiece; uniformly stout up to 0.7 and attenu- 
ate distally; a distinct subapical seta on distal 0.8; spiniform short, simple. Lateral 
Plate: Basal hook broadly sclerotized and strongly curved; apical process broadly 
rounded and denticulate; sternal part split into 2 short processes, Cercal sclerite 
short, triangular; cercal setae absent. Paraproct with 5,6 blunt apical teeth. 

PUPA (fig. 6). Abdomen: 2.3-2.7 mm. Trumpet: 0.55-0.60 mm; index 7.0-7.5. 
Paddle: 0.65-0.75 mm. As described for the subgenus with the following additional 
features. Diagnostic characters as in key. Cephalothorax: Integument with charac- 
teristic pattern of pigmentation; middorsal ridge areas, lateral and posterior parts of 
wing case, basal areas of trumpet and leg cases moderately pigmented, rest lighter. 
Hair 4-C usually double; 5-C usually 5-branched (4-7) and subequal in length to 4+C; 
hair 7-C usually triple (2-4); hairs 8,9-C usually double (2-3). Trumpet: Moderately 
pigmented, apical flare indistinct; pinna short, about 0.2 length of trumpet; trache- 
oid distinct; central area darker. Metanotum: Hair 10-C multiple (5-11), weakly 
branched; 11-C single; 12-C usually 4-branched (2-4). Abdomen: Except for tergites 
V,VL, VIII uniformly lightly pigmented; tergites V,VI and median and lateral areas of 
VIII moderately pigmented. Hair 1-II multiple (16-28), weakly branched, indistinct- 
ly resembling float hair (1-I); hair 1-IIJ-VI multiple, usually with 3-8 branches; 2-III 
mesad and 2-IV-VII laterad of hair 1; hair 9-VII,VIII single; 4-VIII usually double (2- 
4). Paddle: Lightly pigmented; pigmented spot apically at level of midrib; apex 
smoothly rounded. Male genital lobe extending to 0.37, female to 0.17-0.18 of pad- 
dle. 

FOURTH INSTAR LARVA (fig. 7). Head: 0.6 mm. Siphon: about 1.5 mm. 
Anal Saddle: 0.3 mm. As described for the subgenus, with the following additional 
features. Diagnostic characters as in key. Head: Width about 1.5 of length. Mental 
plate with 8 (7-9) lateral teeth. Hair 4-C usually double (2,3), cephalad of 5-C; hair 
5-C single; 7-C with 5-7 strong barbed branches, extending to base of antenna; 11-C 
with 4-7 weak branches. Antenna: Integument yellowish, spiculate to base of 1-A; 
hair 1-A with 23-25 barbed branches. Thorax: Integument glabrous. Hairs un- 
branched or with branches of varied length, not stellate. Abdomen: Integument gla- 
brous. Hairs 1.2.4,11,134, 1,2,5,9, (3-H, 1,2.5,7,9,13411-VL 1,2,5,8,10,13-VII un- 
branched or with branches of varied length and thickness, never stellate; 6-I,II long, 
double, branches subequal; 1-I long, single; 7-II short, multiple; 6-III-V moderately 
long, at least triple, branches subequal; 6-VI shorter, usually with 4 subequal branch- 
es (3-5). Segment VIII: Comb scales spatulate, 21-24 in number, apexes fringed. 
Hair 2-VIII usually double (1,2); 5-VIII double (2,3). Siphon: Integument yellow- 
ish, with a narrow basal dark ring; long, index about 14.0. Pecten with 15 (14-16) 
teeth, extending to basal 0.3; each tooth with 1 large and 1,2 small denticles on ven- 
tral border; with 6 pairs of subventral (1,1a-S) hairs. Anal Segment: Integument yel- 
lowish. Hair 1-X short, weakly branched; 2-X long, with 2 short to moderately long 
subbasal branches. Gills about length of saddle, sausage-shaped, dorsal subequal to 
ventral. 

SYSTEMATICS. Culex accelerans can be separated from the other members of 
the subgenus in the male genitalia by: (1) simple clasper without subapical enlarge- 
ment, (2) absence of specialized setae on sidepiece, and (3) 2 appressed appendages 
on lobe; in the pupa by: (1) short pinna and (2) pigmented area on tergite VIII; and 
in the larva by: (1) hair 5-C single, (2) 2-X with 2 additional short, subbasal branches, 
and (3) 6 pairs of subventral hairs (1,1a-S) on siphon. 

We have examined adults of accelerans from Panama, Colombia, Trinidad, Guyana 
and French Guiana, and immatures from all the above countries except Colombia. 
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All populations appear to be similar in male genitalic structures and characters in im- 
mature stages. 

BIONOMICS. Immature stages of accelerans have been found largely along swamp 
margins and once in a canal in Guyana. Biting studies in Trinidad with chickens as 
bait 55 feet above the ground showed that this species is a night biter. It is not 
known whether it is attracted to man. 

Culex accelerans appears to be another species of Aedinus harboring arboviruses. 
During a 10-year survey of arthropods for natural viral infection by the Trinidad Re- 
gional Virus Laboratory, 3 viruses (VEE, Caraparu and Nepuyo) were isolated from 
accelerans. While no viruses were detected during surveys in 1953-1958, 3 viruses 
were isolated in the period 1959-1963 when specimens were inoculated into mice 
(Aitken, Spence et al. 1969:210). It is not known, however, whether females of ac- 
celerans can transmit the viruses in nature by their bites. 

DISTRIBUTION (fig. 1). Culex accelerans is known from the Pacific coast of Pan- 
ama east of Canal Zone, from Colombia, Trinidad, Guyana, French Guiana and the 
coastal lowlands of Brazil. It is probably present in Venezuela and Suriname. 

Material examined: 152 specimens; 33 males, 16 females, 22 pupae, 81 larvae; 24 
individual rearings (13 larval, 4 pupal, 7 incomplete). 

BRAZIL. Rio de Janeiro: Porto das Caixas, 15 Apr 1925, F.M. Root, 1M [USNM, holotype]. 

COLOMBIA. Boyaca: Puerto Boyaca, Lago de Palagua, 145 m, 24 Aug 1971, C. J. Marinkelle, 
1M (COM 590) [UCLA]. Locality unspecified: Kerr, 1Mgen (512) [USNM]. 

FRENCH GUIANA. Guyane: Cayenne, Mont Cabassou, 5 m, 31 Jan-1 Feb 1965, T.H.G. Ait- 
ken, R. Martinez and A. Guerra, 1F (FG 17), 6M (FG 18); Mont Cabassou, 30 m, 3-4 Feb 1965, T. 
H.G. Aitken, R. Martinez and A. Guerra, 2M (FG 46); foret de Cabassou, 10 Jan 1968, E. N. De 
Freitas, 1Mgen (FGC 3299-12); foret de Cabassou, 19 Jan 1968, E. N. DeFreitas, 2Mgen (FGC 33 
01-45 ,-48); foret de Cabassou, 30 July 1968, J. Clastrier, 1Mgen (FGC 437-14); foret de Cabassou, 
11 Sept 1968, J. Clastrier, 2Mgen (FGC 467-3,-10); foret de Cabassou, 19 Sept 1968, J. Clastrier, 
1Mgen (FGC 473-7); Montagne Tigre (Fauran 1961b:43); Raban, 5 m, 3 Feb 1965, T. H. G. Aitken, 
R. Martinez and A. Guerra, 1 lpM (FG 37-17), 2L (37); Raban, 2-3 Feb 1965, T. H. G. Aitken, R. 
Martinez and A. Guerra, 1M (FG 43) [UCLA]. Matoury, foret de Cogneau, 5 m, 3 May 1968, J. 
Clastrier, 1Mgen (FGC 3416-51) [UCLA]. Remire, Pripris Cabassou near Pont Beauregard, 5 m, 
13 Mar 1967, R.X. Schick and J. Frederick, 2 lpM (FG 126-40,-41), 1 IP (126-43), 1 1 (126-42), 2 
M (126) [UCLA]. Inini: Degrad Edmond, Riviere Comte (Fauran 1961b:43). 

PANAMA. Darien: El Real, 21 July 1952, MTA, 1M (01290) [USNM]. Panama: Tocumen, 
5m, 9 Oct 1963, A. Quinonez, 2 IpF (PA 558-102,-103), 2 IP (558-105,-108), 1L (558) [UCLA]; 
Galindo and Blanton (1955:70). 

TRINIDAD. Nariva: Nariva Swamp, Bush Bush Forest, near sea level, 21 Apr 1964, TRVL, 5L 
(TR 340), 1 pF (TR 341-133), 2L (341), 4L (TR 342), 1 IpF (TR 343-136), 4L (343), 1 1P (TR 
344-127), 3L (TR 345), 4L (TR 346); 5 May 1964, TRVL, 1 lp (TR 376-132), 3L (TR 377); 9 
June 1964, TRVL, 2 IpM (TR 445-159,-164), 1 IP (TR 446-1), 1 IP (TR 447-150), 2 IpF (TR 448- 
158,-159); 7 July 1964, TRVL, 19L (TR 544); 31 July 1964, TRVL, 1L (TR 581), 1L (TR 582); 
11 Sept 1964, TRVL, 2L (TR 688); 16 Oct 1964, TRVL, 2 IpM (TR 772-107,-108), 1 IpF (772- 
109), 9L (772); Sept 1965, TRVL, 6F (TR 1438) [UCLA]; 1-15 Sept 1959, T.H.G. Aitken, 1M: 
2-22 Sept 1959, T.H.G. Aitken, 1M [USNM]. St. Andrew: Rio Grande Forest, 2-9 Oct 1958, T. 
H.G. Aitken, 1M, 1Mgen, 1F [USNM]. St. Patrick: Bonasse, Lillette Swamp, 29 July 1966, A. 
Guerra, 4L (TR 1568) [UCLA]. 
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SUBGENUS TINOLESTES Coquillett 1906 


INTRODUCTION 


Tinolestes was proposed as a distinct genus by Coquillett (1906a: 185) with the 
new species Jatisquama Coquillett 1906 from Puerto Limon, Costa Rica as its type. 
Howard, Dyar and Knab (1915:303-305) synonymized Tinolestes with Culex, but 
Dyar (1918:102) elevated it to subgeneric rank within Culex. In 1928, Dyar placed 
latisquama in the subgenus Melanoconion, and as a consequence Tinolestes became a 
synonym of Melanoconion. Subsequently Lane (1953:387) restored Tinolestes to 
subgeneric rank, but he synonymized the subgenera Micraedes Coquillett, Isostomyia 
Coquillett and Anoedioporpa Dyar with it. In 1959, Tinolestes along with Micraedes 
and Anoedioporpa were lumped into the subgenus Aedinus Bourroul by Stone, 
Knight and Starcke on the basis of a short palpus in the male. But according to Bel- 
kin (1968b:11), this character occurs independently in several unrelated phylads, 
and therefore he elevated Tinolestes Coquillett 1906 again to subgeneric rank within 
Culex with only one included species. In the present study, Tinolestes is treated as a 
distinct subgenus of Culex with latisquama as its type and only species. 


TAXONOMIC TREATMENT 
Figs. 8-11 


1906. Tinolestes Coquillett 1906a:185. *TYPE SPECIES: Tinolestes latisquama Coquillett 
1906:185, Puerto Limon, Costa Rica; only included species. 

Culex (Tinolestes) of Dyar (1918:92,102; 1923b:187); Bonne and Bonne-Wepster (1925:278); Bel- 
kin (1968b:11); Knight and Stone (1977:272). 

Culex (Tinolestes) in part of Lane (1953:387); Galindo and Blanton (1955:70); Fauran (1961:48). 

Culex (Aedinus) in part of Stone, Knight and Starcke (1959:281); Stone (1961:47; 1963:135; 
1967:218); Belkin (1962:179); Belkin, Schick and Heinemann (1965:13); Forattini (1965:31, 
32,34,35,185,193); Bram (1967:18). 

Culex (Melanoconion) in part of Dyar (1928:336-337); Edwards (1932:212,213); Cok (1935'3); 
Lane (1939:66); Rozeboom and Komp (1950:78,92,106); Belkin and Hogue (1959:421). 

Tinolestes of Coquillett (1906b:17,24; 1910:615); Theobald (1910:627). 


FEMALE (fig. 9). Small, inornate species, dark brown to black and with unband- 
ed legs. Head: Eyes not distinctly separated above antennae. Decumbent scales 
narrow, linear dorsally, broader on sides and venter, predominantly dark, a few scales 
whitish laterally. Erect scales on occiput moderately long, dark, forked apically and 
extending to sides of vertex. Orbital and interorbital bristles strong; upper orbitals 6, 
7 pairs, heavier, longer and more widely spaced than lower. Clypeus bare, dark 
brown. Proboscis distinctly longer than forefemur, entirely dark scaled, with a few 
basal bristles. Palpus short, about 0.2 length of proboscis, 4-segmented; segments | 
and 2 ankylosed, without scales; segment 4 about 2.0 length of segment 3, both dark 
scaled. Antenna slightly longer than proboscis; torus dark brown, with a few short 
setae mesally; flagellar segments 2-13 with 6 moderately long bristles in basal whorls. 
Thorax: Integument dark brown. Mesonotum with narrow, curved, dark brown 
scales except along a pair of narrow inner dorsocentral “bare lines” extending from 
anterior margin to 0.75 of its length. Acrostichal bristles absent. Bristles on anterior 
promontory distinct; dorsocentrals, prescutellars and supraalars present; 3,4 posterior 
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fossal and 1 parascutellar developed. Antealar area above paratergite with scattered 
dark scales. Median scutellar lobe with 5,6 long and 6 short marginal bristles, and a 
large patch of narrow dark scales; lateral lobe with 4 long and 3 short marginal bris- 
tles, and a small patch of narrow dark scales. Paratergite bare. Pleuron brown. Bris- 
tles present on apn, ppn, ppl, stp, pra and upper mep; propleural area with at least 
20-25 bristles; middle mep with a patch of short bristles; metameron with 3,4 short 
setae. Pleural scaling restricted to apn, ppn, stp and middle mep; stp with a large 
patch of flat, translucent scales covering the entire posterior half. Legs: Dark scaled. 
Claws simple on all legs. Wing: Veins entirely dark scaled; all scales squamous, mod- 
erately broad. Haltere: Stem pale brown; knob entirely dark scaled. Abdomen: 
Laterotergite with many short to moderately long bristles. Tergites II-VII with light 
basolateral patches, rest dark scaled. Sternites predominantly creamy, dark scales 
restricted to apical 0.3. 

FEMALE GENITALIA (fig. 9). Segment VIII partially retracted into segment 
VII, apex visible, numerous bristles and scales present; tergite VIII about 0.5 of ster- 
nite; apex of sternite distinctly emarginate in the middle. Tergite IX broad, sclero- 
tized; lobes faintly visible, each bearing 15,16 moderately long setae; sternite IX nar- 
row laterally, membranous in the middle. Postgenital plate deeply emarginate in the 
middle, producing 2 conical lobes each bearing 3 apical and 2,3 subapical setae. 
Cowl moderately developed, finely setose, bowed laterally to join tergite [X and arti- 
culating with sigma. Insula well developed, poorly sclerotized, with a group of 13 
moderately long setae, continued laterally as a narrow sigma. Cerci short, compres- 
sed, approximate, each with many short to moderately long setae; area between cerci 
bilobed. Spermathecae 3, one a little larger than others. 

MALE (fig. 9). Coloration similar to females; sexual dimorphism of head append- 
ages marked. Proboscis longer than forefemur. Palpus porrect, slender, about 0.45- 
0.48 of proboscis length; 5-segmented; segments | and 2 ankylosed, without scales; 
segments 3 and 4 elongated, partly ankylosed, segment 4 about 1.3 of segment 3, 
both dark scaled; segment 5 short, about 0.25 of 4 and dark scaled. Antenna sube- 
qual in length to proboscis; whorls of flagellar segments 1-12 of antenna strongly de- 
veloped, with at least 20 long bristles; segments 12 and 13 elongate, 13 about 1.4 
longer than 12; torus not swollen. Claws of foreleg and midleg enlarged, unequal; 
larger claw of baecta with a submedian tooth, that of midleg without oe both 
claws with basal spicules; hind claws as in female. 

MALE GENITALIA (fig. 10). Segment IX: Lobes of tergite [X distinct, heavily 
sclerotized, flattened, bearing long, erect bristles. Sidepiece: Roughly triangular in 
outline; length about 2.0 basal width; with longer bristles on tergal and lateral sur- 
faces, sternal side with shorter setae; a few scales on basolateral surface; an elongate 
patch of short to moderately long bristles on tergal surface basolaterad of subapical 
lobe; caudal and basomesal areas without bristles. Lobe distinct, subapical in posi- 
tion, undivided. Clasper: Simple, stout, bearing an external crest; spiniform simple, 
apical. Phallosome: Lateral plate of aedeagus with a broadly sclerotized “basal 
hook,” a caudally directed sinuous apical process and a sternal spine. Proctiger: Ba- 
solateral sclerotization well developed, digitiform; apex of paraproct with a crown of 
22-24 teeth; cercal setae distinct. 

PUPA (fig. 10). Cephalothorax: Middorsal ridge moderate. Integument uniform- 
ly lightly pigmented. Alk hairs present, variously developed. Hair 5-C moderately 
long, weakly developed, subequal in length to 4-C; hair 6-C smaller than and cepha- 
lad of 7-C; hairs 8,9-C widely separated, double or triple; 8-C cephalad and 9-C dis- 
tinctly caudad of trumpet base. Trumpet: Not placed on tubercle; moderately long, 
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index 5.0-5.5; pigmentation moderate; tracheoid distinct, short; apical portion slight- 
ly flared; pinna short. Metanotum: Hair 10-C subequal in length to 11-C, multiple, 
weakly branched. Abdomen: Integument uniformly lightly pigmented. Hair 3-I 
double or triple; 1-II multiple, with at least 20 weak branches, faintly resembling 
float hair (1-1); hair 2-III] submarginal, always mesad of 1-III; hair 5-IV,V long, single, 
extending beyond apex of succeeding segments; 5-VI shorter, barely extending to 
middle of succeeding segment; 6-II-VI usually single; 2-VI, VII always laterad of hair 
1; hair 9-VII, VIII double, 9-VIII distinctly shorter than tergite VIII; hair 4-VIII dou- 
ble; 1-[X small, single. Lobes on posterior margin of sternum mesad of 9-VIII indis- 
tinct. Tergite VIII never overlapping base of tergite IX. Paddle: Uniformly lightly 
pigmented; longer than wide, apex smoothly rounded; midrib strongly differentiated; 
paddle margin without spicules; both paddle hairs (1,2-P) distinct, single. 

FOURTH INSTAR LARVA (fig. 11). Head: Head capsule with faint imbrica- 
tions; without lateral expansion on each side caudad of antenna. Labrum well differ- 
entiated dorsally. Ocular lobes indistinct. Mouthbrushes with numerous filaments. 
Collar moderately developed, narrow. Posterior tentorial pit a short distance from 
caudal border. Maxillary suture complete, but not extending caudolaterad to collar. 
Anterior border of labial plate truncate. Aulaeum with distinct filamentous spicules. 
Central tooth of mental plate not shouldered. Hair O-C small, removed laterad of 1- 
C; hair 1-C strong, straight; 2,3-C apparently not developed; 4-6-C closely grouped 
together and caudad of level of 7-C; hair 5-C usually triple, 6-C single, both longer 
than antenna; 7-C multiple, with strong barbed branches; 8-C usually triple (2,3); 
hair 11-C with at least 5 (5-8) moderately long branches; 13-C closer to 11-C than 
12-C; hairs 14,15-C slightly moved cephalad; basal maxillary hair (bmh) small, single; 
16,17-C not developed. Antenna: Hair 1-A large, multiple, about 0.75 from base; 
other hairs short to moderately long, single. Thorax: Roughly oval in outline, slight- 
ly wider than long. Integument glabrous. Hairs 1-3-P on a distinct tubercle; 3-P with 
6-10 weak branches; 14-P double; hairs O-P, 1,13,14-M, 1,3,13-T with many weak 
branches, not stellate. Abdomen: Integument glabrous. Pigmentation uniform. 
Hair 2 never moved far cephalad of 1, always within posterior half of segment. Seg- 
ment VIII: Comb in a patch of 4,5 irregular rows of scales. Hairs 1,2-VIII without 
basal tubercles or sclerotized plates. Siphon: Pecten teeth simple; 4 pairs of subven- 
tral (1,la-S) and 2 pairs of subdorsal (2a-S) hairs on siphon; both subdorsals distad 
of subventral hairs; 2-S distinct, slightly curved, without a submedian branch. Anal 
Segment: Saddle complete; acus not developed; caudal margin without spines; later- 
al hair (1-X) short, multiple, submarginal. Hair 2-X long with 3 short to moderately 
long subbasal branches; 3-X long, single; ventral brush (4-X) with 6 pairs of branched 
hairs on a grid. Gills sausage-shaped, ventral slightly shorter than dorsal. 


I, Culex (Tinolestes) latisquama (Coquillett) 
Figs. 8,9,10,11 


1906. Tinolestes latisquama Coquillett 1906a:185. *TYPE: Lectotype male (344c), Puerto 
Limon, Costa Rica, 25 Sept 1905, F. Knab (USNM, 8298; designation by Rozeboom and 
Komp 1950:92). 

Culex (Tinolestes) latisquama of Dyar (1918:90,102; 1922a:95-96; 1923a:177; 1923b:188; 1925: 
158,161,168); Bonne and Bonne-Wepster (1925:184,188,278); Lane (1953 :387-389); Duret 
and Damasceno (1955:395); Galindo and Blanton (1955:70); Forattini (1958:175); Fauran 
(1961b:48); Belkin (1968b:11); Knight and Stone (1977:272); Heinemann and Belkin (1977a: 
284; 1977b:443,453; 1978a:185; 1978c:497). 
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Culex (Aedinus) latisquama of Stone, Knight and Starcke (1959:282); Belkin, Schick and Heine- 

mann (1965:13); Forattini (1965 :34). 

Culex (Melanoconion) latisquama of Dyar (1928:336-337); Edwards (1932:212,213); Lane (1939: 

66); Rozeboom and Komp (1950:78,92,106); Belkin and Hogue (1959:421). 

Culex latisquama of Dyar and Knab (1906:208,222); Howard, Dyar and Knab (1915:217,222,229, 

303-305); Kumm, Komp and Ruiz (1940:387); Forattini, Rabello and Cotrim (1970:43). 
Tinolestes latisquama of Coquillett (1910:615); Theobald (1910:627); Stone and Knight (1957: 

52), 

FEMALE (fig. 9). Wing: 2.70-2.75 mm. Proboscis: 1.65-1.70 mm. Forefemur: 
1.4mm. Abdomen: 1.6-1.7 mm. As described for the subgenus with the following 
additional features. Head: Decumbent and erect scales dark. Palpus short, dark 
scaled. Thorax: Pleuron brown, darker on stp, psp and mep; bristles on pp/ strongly 
developed, at least 20 in number; scales on stp and middle mep moderately broad 
and translucent. Legs: Coxae with dark scales on external surfaces; trochanters with 
ventral dark scales. Forefemur and midfemur dark scaled anteriorly, posterior side 
creamy basally, rest dark; hindfemur creamy ventrally and dark scaled dorsally. Tib- 
iae and tarsi of all legs dark. Wings: Scales on all veins dark, squamous and moder- 
ately broad. Haltere: Stem pale brown; knob entirely dark scaled. Abdomen: Ba- 
solateral light patches on tergites moderately broad, rest dark scaled; sternites 
creamy basally, dark scaled distally. 

MALE (fig. 9). Wing: 2.55-2.60 mm. Proboscis: 2.0 mm. Forefemur: 1.50-1.55 
mm. Similar to female in general features. Palpus moderately long, about 0.45-0.48 
length of proboscis. Antenna subequal in length to proboscis. 

MALE GENITALIA (fig. 10). Segment IX: Tergite lobes distinctly separated by 
a triangular bar; each lobe flattened, wider than long, bearing 20-22 long erect bris- 
tles inserted on distinct tubercles. Sidepiece: Slightly more than 2.0 as long as wide, 
with a conically tapered tip; longer bristles on tergal and lateral surfaces, sternal side 
with shorter setae; a few scales on basolateral surface; a dense elongated patch of 30- 
35 moderately long bristles on tergal surface basolaterad of subapical lobe. Subapi- 
cal Lobe: Bearing a smaller and a larger rod with cup shaped expanded tips, and a 
larger inner and a smaller outer seta laterad of rods; 4,5 short to moderately long 
simple setae distad of rods. Clasper: About 0.5 of sidepiece length, stout, slightly 
swollen in middle, bearing an external crest; | inner and | outer seta subapically; 
spiniform apical. Lateral Plate: Basal hook broadly sclerotized; apical process 
strongly sclerotized, sinuous, with a pointed recurved tip; sternal spine slightly re- 
curved apically, pointing laterad from dorsal aspect. Proctiger: Cercal sclerite dis- 
tinct, moderately long, digitiform, pointing caudad; cercal setae 2 in number. Para- 
proct with a crown of 22-24 apical blunt teeth. 

PUPA (fig. 10). Abdomen: 2.50-2.55 mm. Trumpet: 0.35 mm; index about 5.0- 
5.5. Paddle: 0.65-0.70 mm. Cephalothorax: Hair 4-C laterad of 5-C; hair 6-C single, 
7-C double, approximate; 8-C usually triple (2,3), cephalad of 9-C. Trumpet: Mod- 
erately long, brownish; contrasting with rest of cephalothorax; apex slightly flared. 
Pinna about 0.20-0.25 of total length. Metanotum: Hair 10-C multiple (7-11), clos- 
er to 11-C than to 12-C; hair 11-C double; 12-C usually triple (2,3). Abdomen: In- 
tegument lightly pigmented. Hair 1-I,I] multiple, branches weak; 5-IV,V long, single, 
extending beyond apex of succeeding segments; 5-VI short, barely extending to mid- 
dle of succeeding segment; 2-III-V mesad and 2-VI,VII laterad of hair 1; 9-II-VI cau- 
dolaterad of hair 6; hair 9-VII, VIII moderately long, double; 9-VIII shorter than 
length of tergite VIII. Paddle: Longer than wide. Midrib distinct; external buttress 
slightly developed; apex smoothly rounded, margin without spicules; both paddle 
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hairs (1,2-P) present, 2-P longer than 1-P. Male genital lobe extending to 0.47, female 
to 0.28 of paddle. 

FOURTH INSTAR LARVA (fig. 11). Head: 0.75 mm. Siphon: 1.4-1.6 mm; in- 
dex about 11.0-12.0. Anal Saddle: 0.35 mm. Head: Width about 1.2 of length; 
head capsule indistinctly imbricate. Hair 4-C short, double, anteriad of 5-C; hair 5-C 
long, usually triple (3,4); hair 6-C long, single; 7-C long, branched (4,5), extending to 
base of 1-A; hair 11-C multiple (5,5-8), weakly branched; 13-C multiple, closer to 11- 
C than to 12-C. Mental plate well developed, with 10 (9-11) lateral teeth. Antenna: 
Strongly pigmented, spiculose to base of 1-A; hair 1-A long, with 16-19 barbed 
branches. Thorax: Integument glabrous. Hairs unbranched or with branches of var- 
ied length and thickness, not stellate. Abdomen: Integument glabrous, Hairs 1 ,2,4, 
11,13-I, 1,2,5,9,13-H, 1,2,5,7,9,13-II-VI, 1,2,5,8,10-13-VII unbranched or with 
branches of varied length and thickness, never stellate. Hairs 6-I,II, 7-I long, double, 
branches unequal; 7-II short, multiple (4-6); hair 6-III-V moderately long, double, 
subequal; 6-VI long, double, branches subequal. Segment VIII: Comb scales in an 
irregular patch of 4,5 rows, 50-69 in number; individual scale spatulate, apex fringed. 
Hairs 1-5-VIII double or triple. Siphon: Integument light brown, with wartlike spic- 
ules, base with a dark ring. Pecten extending to basal 0.25, teeth 12-15 in number; 
individual tooth without denticles. Hair 1-S distinctly caudad of last pecten tooth. 
Subventral hairs (1,1a-S) 4 pairs, short, at least double; subdorsal hairs (2a-S) 2 pairs, 
short, single, located on distal 0.25 of siphon. Anal Segment: Integument brown 
and indistinctly imbricate. Hair 1-X short, weakly branched (4,3-5); hair 2-X with 3 
additional short to moderately long basal branches. Gills short, ventral smaller than 
dorsal. 

SYSTEMATICS. Tinolestes can be readily separated from other subgenera of Cu- 
lex in the New World by the following characters: in the adults by (1) strongly devel- 
oped propleural bristles, (2) presence of a broad patch of translucent scales covering 
almost entire stp, (3) 3,4 short setae on metameron, and (4) distinct patch of scales 
and hairs on middle mep. The moderately long palpus of the male, about 0.45-0.48 
length of proboscis, distinguishes it from most members of Culex. In the male geni- 
talia, Tinolestes differs from other subgenera by the combination of: (1) morpholo- 
gy of the clasper, (2) position and structural components of the subapical lobe, (3) 
nature of the phallosome, and (4) number of apical teeth on the paraproct. In the 
pupa, Tinolestes can be distinguished by the combination of: (1) position of hair 2- 
VI, (2) hair 11-C always double, (3) hair 9-VII, VIII always double, and (4) hair 9- 
VIII shorter than tergite VIII. In the larvae, Tinolestes can be distinguished from 
most of the subgenera except Aedinus and Lutzia by the slightly imbricate head cap- 
sule; however, it is separated from Aedinus by the absence of an attached acus on the 
anal saddle, and from Lutzia by the structure of the mouthbrushes. 

Tinolestes is undoubtedly a distinct subgenus of Culex that was erroneously 
lumped under Aedinus (Stone, Knight and Starcke, 1959:281-282). Later, Belkin 
(1968b: 11-12) suggested separating the subgenera Eubonnea and Aedinus of Stone, 
Knight and Starcke (1959) into Aedinus (=Eubonnea), Anoedioporpa, Micraedes 
and Jinolestes. In spite of the similarities of Tinolestes with other subgenera of the 
Melanoconion complex, it is distinct in adults, immature stages and in ecology 
(breeding sites). Although there is a slight overlap with Aedinus and Belkinomyia, 
Tinolestes is a very distinct group and should be retained as a subgenus of Culex. 

BIONOMICS. The immature stages of latisquama have been found in crabholes, 
and are often catholic in their association with other crabhole breeding mosquitoes. 
This species has been found with 6 species of Deinocerites: curiche Adames 1971, 
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colombianus Adames 1971, epitedeus (Knab 1907), melanophylum Dyar & Knab 
1907, panamensis Adames 1971 and pseudes Dyar & Knab 1909; in addition, it is of- 
ten associated with members of the Inflictus Group of Culex (Culex). Rarely it has 
been collected in association with Anopheles (Anopheles) eiseni Coquillett 1902 (CR 
524, PA 573), Culex (Melanoconion) iolambdis Dyar 1918 (CR 525, PA 615) and 
Culex (Lutzia) allostigma (Howard, Dyar & Knab 1915) (CR 525). 

Very little is known about the bionomics of the adults. Apparently the adults use 
crabholes as resting sites. The presence of a few engorged females in the collection 
suggests that they are zoophilic as they show no inclination to bite or even alight up- 
on humans (Howard, Dyar and Knab 1915:305). 

DISTRIBUTION (fig. 8). Tinolestes is primarily Central American in distribution. 
To date it has been collected from the Caribbean side of Honduras, Nicaragua and 
Costa Rica, and from the Pacific and Caribbean sides of Panama and Colombia. 

The report of latisquama from Suriname (Stone, Knight and Starcke 1959:282) is 
erroneous, and the record of it on the basis of 1 male supposedly collected in 1906 
by J.B. Vanduzee in Estero, Lee County, Florida, U.S.A. (Stone 1968:101) is prob- 
ably due to an erroneous labelling (Belkin 1970:57-58), which occurred several times 
during the course of preparation of material for the studies on the ‘“‘Mosquitoes of 
North and Central America and the West Indies’ (Howard, Dyar and Knab). Culex 
latisquama may have a wider distribution in Central America, but extensive collec- 
tions from different localities on both the Caribbean and Pacific sides should be 
made to ascertain this. 

Material examined: 615 specimens; 99 males, 104 females, 98 pupae, 314 larvae; 
91 individual rearings (65 larval, 18 pupal, 8 incomplete). 

COLOMBIA. Antioquia: Turbo, Brazo del Coco, near sea level, 29 Aug 1967, A.J. Adames and 
A. Quinonez, 1 pM (COA 30-101), 5 IpM (COA 31-10,-11,-14,-15,-19), 7 lpF (31-12,-13,-16,-17, 
-20,-22,-23), 2 pM (31-100,-101), 11 L (31), 2 lpF (COA 32-10,-11), 2 IpF (COA 33-11,-12), 1 pM 
(33-100), 1 IP (33-10) [UCLA]. Choco: Coredo, El Naranjo, near sea level, 26 Aug 1967, A.J. 
Adames and A. Quinonez, 1 pF (COA 17-102);31 Aug 1967, A.J. Adames and A. Quinonez, 1 IpF 
(COA 48-17), 2L (48), 2 lpM (COA 50-15,-17), 1 lpF (50-16) [UCLA]. Magdalena: Near mouth 
of Rio Buritaca, near sea level, May-June 1970, H.G. Henning, 20M, 22F (COA 100), 4L (COA 
101), 1M (COA 102) [UCLA]. 

COSTA RICA. Limon: Cieneguita, June 1946, D.C.R. Butts, 1M [USNM]. Puerto Limon, 25 
Sept 1905, F. Knab, 1M, 1Mgen, 8F (344c, type series) [UCLA, USNM]. Portete, near sea level, 
30 Sept 1971, D. Schroeder, 1M, 1F (CR 399); 1-2 Oct 1971, D. Schroeder, 1M (CR 461); 2 Oct 
1971, D. Schroeder, 1 IpM (CR 465-11), 3 IpF (465-13-15), 1 pM (465-110), 4 pF (465-100-102, 
106); 7 Nov 1971, D. and K. Schroeder, 3 IpM (CR 520-31-33), 5 IpF (520-30,-34,-35,-56,-57), 6L 
(520), 1M (CR 523), 1 lpM (CR 524-61), 3 IpF (524-60,-62,-63), 1L (CR 525) [UCLA]. Westfalia, 
near sea level, 4 Dec 1962, C.L. Hogue and W.A. Powder, 1L (CR 76) [UCLA]. 

HONDURAS. Cortes: Puerto Cortes, Rio Mar, near sea level, 15 Aug 1967, A.J. Adames, 1 pM 
(HON 84-100) [UCLA]. Colon: Trujillo, Rio Cristales, near sea level, 7 Mar 1945, 1M [USNM]. 

NICARAGUA. Zelaya: Bluefields, near sea level, 12 Sept 1967, A.J. Adames and A. Herrera, 5 
L (NIC 69), 2F (NIC 70), 6L (NIC 71); 25-26 Nov 1971, D. Schroeder, 1F (NIC 101). Punta Ma- 
saya, 26 Nov 1971, D. and K. Schroeder, 2 IpM (NIC 109-33,-34), 5L (109); 27 Nov 1971, D. and 
K. Schroeder, 2 lpF (NIC 111-20,-32), 2L (111); 27-28 Nov 1971, D. Schroeder, 1F (NIC 123); 28 
Nov 1971, D. and K. Schroeder, 4 IpM (NIC 124-10,-11,-15,-16), 4 lpF (124-12-14,-16), 4 pM 
(124-100-103), 1P, 30L (124) [UCLA]. 

PANAMA. Bocas del Toro: Almirante, near sea level, 28 Apr 1963, A. Quinonez, 1L (PA 273), 
1 pF (PA 275-101), 1 lp (275-102) [UCLA] ; Feb 3, 1Mgen [USNM]. Canal Zone: Fort Sherman, 
12 Nov 1919, J. Zetek, 1M [USNM]. Miraflores, July 1912, J. Zetek, 2F [USNM]. Mojinga 
Swamp, Aug 1932, 1Mgen; 12 June 1933, 1Mgen; 17 June 1952, MTH, 1M (01164); 18 Mar, 1M 
gen [USNM] ; 10 m, 29 Jul 1972, J. H. Arnell, 1 IlpM (PA 1149-14) [UCLA]. Rodman Naval Sta- 
tion, near sea level, 11 Dec 1965, R.X. Schick and A. Quinonez, 1 lpF (PA 888-20), 3 lpM (PA 
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889-11-13), 2 lpF (889-14,-16), 2 lp (889-10,-19), 1 IP (889-20), 1P (889); 12 Dec 1965, A. Quin- 
onez, 1 IP (PA 891-17), 1P, 3L (891), 1 IP (PA 895-10), 1L (895); 15 Dec 1965, R.X. Schick and 
A. Quinonez, 1 lpM (PA 907-11), 1 lpF (907-10), 1 IpM (PA 908-10), 1 pM (908-101), 1P (908), 1 
lpM (PA 909-10), 3 lpM (PA 910-11,-12,-14), 2 lpF (910-16,-19), 1 IP (910-15), 3M, 2P, 3L (910) 
[UCLA]. Colon: Maria Chiquita, near sea level, 6 Sept 1967, A. J. Adames, 1F (PA 1008) [UCL 
A]. Pina, near sea level, 30 Nov 1963, A. Quinonez, 1 lpF (PA 573-101), 1 pM (573-103), 23L 
(573), 1M, 2F (PA 574) [UCLA]. Portobelo, near sea level, 9 Dec 1963, A. Quinonez, 4L (PA 
598); 11 Dec 1963, A. Quinonez, 1F (PA 604) [UCLA]. Darien: El Real, near sea level, 12 Jan 
1964, A. Quinonez, 1L (PA 620); 13 Jan 1964, A. Quinonez, 4L (PA 621) [UCLA]. Jaque, near 
sea level, 18 Dec 1963, A. Quinonez, 17L (PA 611); 20 Dec 1963, A. Quinonez, 98L (PA 615) 
[UCLA]. Panama: El Libano, near sea level, 27 Aug 1963, A. Quinonez, 10M, 13F (PA 535); 26 
Nov 1963, A. Quinonez, 14L (PA 566), 3M, 1F (PA 568) [UCLA]. Locality unspecified: Male, 
det. J. Lane [FH, 6577; Forattini, Rabello and Cotrim (1970:43)] . 

2U.S.A. Florida: Lee County, Estero, J.B. Vanduzee, 1M (with genitalia slide, no. 68-19) [US 
NM]. Probably erroneous record, see p. 25 and below. 

NO DATA. A.H. Jennings, 6M,5F [USNM]|. 1Mgen [USNM]. Probably collected in Panama 
or Canal Zone as Jennings worked there. It is possible that the male supposedly from Florida 
(above) was actually collected by Jennings and misplaced and erroneously labelled. 


SUBGENUS ANOEDIOPORPA Dyar 1923 


INTRODUCTION 


Anoedioporpa was proposed as a distinct subgenus of Culex by Dyar (1923b: 
190), with Culex conservator Dyar & Knab 1906 as its type species. Besides con- 
servator, Dyat’s Anoedioporpa included originator Gordon & Evans 1922, bifolia- 
tus Dyar 1922, corrigani Dyar & Knab 1907, homoeopas Dyar & Ludlow 1921 
and restrictor Dyar & Knab 1906. All the other species we are including in this 
subgenus were previously assigned to different subgenera of Culex such as Isosto- 
myia (Dyar 1918:102; Edwards 1932:217), Melanoconion (Dyar 1925:158; 1928: 
336) or Tinolestes (Lane 1953:387). In 1959, Stone, Knight and Starcke included 
Tinolestes, Micraedes and Anoedioporpa in the subgenus Aedinus Bourroul 1904, 
and as a result all species were lumped into a composite group on the basis of a 
short palpus in the males. But as Belkin (1968b:11) indicated, this character has 
evolved independently in several unrelated phylads, and he elevated Anoedioporpa 
to subgeneric rank. In the present paper, Anoedioporpa is treated as a distinct 
subgenus of Culex, with 12 species assigned to it. As well as the species presently 
considered to be members of Anoedioporpa (Knight and Stone 1977:195-196), we 
are also including restrictor Dyar & Knab 1906, presently considered to belong to 
the subgenus Microculex (Knight and Stone 1977:269). 


TAXONOMIC TREATMENT 
Figs. 12-30 


1923. Anoedioporpa Dyar 1923b:190. *TYPE SPECIES: Culex conservator Dyar & Knab 
1906:221-222, St. Joseph, Trinidad; designation by Dyar (1923b:190). 
Culex (Anoedioporpa) of Bonne and Bonne-Wepster (1925:184,260); Belkin (1968b:11). 
Culex (Anoedioporpa) in part of Knight and Stone (1977:195-196). 
Culex (Isostomyia) of Dyar (1918:92,102-103); Gordon and Evans (1922:327); Edwards (1932: 
217-218); Senevet and Abonnenc (1939:112); Lane (1939:73); Anduze (1941a:16); Floch and 
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Abonnenc (1942:9; 1947:6); Lane and Whitman (1943:397); Arnett (1948:189; 1950: 107); 
Lane (1949:255); Foote (1954:3,4); Horsfall (1955:547,548). 

Culex (Aedinus) in part of Stone, Knight and Starcke (1959:281); Belkin (1962:179); Stone (1961: 
47; 1963:135; 1967:218); Forattini (1965:31,32,34,35,185,193); Cova Garcia, Sutil and Raus- 
seo (1966a:27; 1966b:342); Bram (1967:18). 

Culex (Microculex) in part of Knight and Stone (1977:269). 

Culex (Melanoconion) in part of Dyar (1925:158; 1928:336); Komp (1935:3). 

Culex (Tinolestes) in part of Lane (1953:387); Duret and Damasceno (1955:393); Galindo and 
Blanton (1955:70); Fauran (1961 :43). 


FEMALES (fig. 13). Usually small, inornate species, tan to brown and with un- 
banded legs. Head: Eyes not distinctly separated above antennae. Decumbent 
scales narrow and linear dorsally, white; broader on sides and venter. Erect scales on 
occiput long, forked apically, light to moderately brown, extending to sides of ver- 
tex. Orbital and interorbital bristles strong; upper orbitals 5 pairs, heavier, longer 
and more widely spaced than lower. Clypeus bare, dark brown. Proboscis longer 
than forefemur, entirely dark scaled, with a few basal bristles. Palpus short, about 
0.16 length of proboscis, 4-segmented; segments 1 and 2 ankylosed, without scales; 
segment 4 about 1.5 of segment 3, both dark scaled. Antenna slightly shorter than 
proboscis; torus brown, with a few short setae mesally; flagellar segments 2-13 with 
6 moderately long bristles in basal whorls. Thorax: Integument tan to brown. Mes- 
onotum predominantly with narrow, curved, auburn scales except along a pair of 
narrow inner dorsocentral “bare lines’ extending from anterior margin to 0.75 of its 
length; anterior margin with narrow white scales. Acrostichal bristles usually absent 
on disc, present in restrictor and corrigani. Bristles on anterior promontory distinct; 
dorsocentrals, prescutellars and supraalars always present, variously developed; | pos- 
terior fossal and | parascutellar always developed. Antealar area above paratergite 
with scattered scales. Median scutellar lobe with 5,6 long and 6 short marginal bris- 
tles, and a large patch of narrow dark scales; lateral lobes with 3 long and 3 short 
marginal bristles, and a very small patch of narrow dark scales. Paratergite bare. 
Pleuron yellowish to tan. Bristles present on apn, ppn, ppl, stp, pra and upper mep; 
lower mep with or without a strong bristle; metameron bare. Pleural scaling restrict- 
ed to ppn and stp; upper ppn with a few light to dark scales; stp with a few scattered, 
flat, translucent scales along bristles. Legs: Coxae with white scales on external sur- 
face; trochanters with ventral white scales. Forefemur and midfemur dark anteriorly, 
posterior side predominantly creamy, dark scales restricted to dorsal side; hindfemur 
predominantly creamy on both sides, dark scales only dorsally. Tibiae and tarsi of 
all legs with auburn to dark brown scales. Claws simple on all legs. Wing: Veins en- 
tirely dark scaled; plume scales on Rs, R, and R;. Haltere: Stem pale; knob entire- 
ly dark scaled. Abdomen: Laterotergite with many short to moderately long bris- 
tles. Tergites II-VII with creamy basolateral patches, rest dark scaled. Sternites with 
creamy scales. 

FEMALE GENITALIA (fig. 13). Only conservator, the type species, studied. 
Segment VIII partially retracted into segment VII, apex visible, numerous bristles 
and scales present; tergite VIII about 0.65 of sternite; apex of sternite slightly emar- 
ginate. Tergite IX uniformly narrow, lobes not prominent, with 8 moderately long 
setae. Postgenital plate about 0.6 length of cercus, not joined to cowl basally; apex 
broadly emarginate, with a patch of 16,17 scattered setae. Cowl moderately devel- 
oped, finely setose, bowed laterally to join tergite [X and articulating with sigma. 
Cerci short, compressed, widely separated, with many short to moderately long setae; 
area between cerci not lobed. Insula poorly developed, with a group of 8-10 short 
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setae, continued laterally as finely setose sigma. Spermathecae 3, one a little larger 
than others. 

MALES (figs. 13,28). Coloration similar to females; sexual dimorphism of head 
appendages marked. Proboscis longer than forefemur. Palpus porrect, about 0.16 
length of proboscis, but subequal in restrictor; entirely dark scaled; 4-segmented 
(Conservator Group) or 5-segmented (Restrictor Group). Antenna subequal in 
length to proboscis; whorls of flagellar segments 1-12 strongly developed, with about 
20-24 long bristles; segments 12 and 13 elongate, 13 about 1.45 of 12; torus as in fe- 
males, Claws of foreleg and midleg enlarged, unequal; larger claw with a submedian 
and smaller with a basal tooth; both claws with basal spicules. Hindclaws as in fe- 
males. 

MALE GENITALIA (figs. 14,29). Segment IX: Lobes of tergite usually mound- 
like, small, widely separated, bearing a variable number of short to moderately long 
setae. Sidepiece: Roughly conical, length about 2.0 of basal width; tergal surface 
with longer bristles and a few basal scales, sternal side with shorter setae. Lobe post- 
median in position, with distinct proximal and distal divisions; stem of proximal di- 
vision distinct, bearing 2 rods apically; distal division with specialized apical setae, 
and with or without leaves on stem. Clasper: Comparatively simple, about 0.6 of 
sidepiece; distal 0.3 with many closely set spiculelike transverse ridges externally. 
Phallosome: Lateral plate of aedeagus with a broadly sclerotized “‘basal hook,” a 
caudally directed apical process and a shorter sternal process. Proctiger: Basolater- 
al sclerotization moderately developed, usually produced into a digitiform append- 
age below tergite IX; apex of paraproct with a crown of 6-13 teeth; cercal setae vari- 
able. 

PUPAE (figs. 14,29). Cephalothorax: Middorsal ridge moderate. Integument uni- 
formly lightly to moderately pigmented. All hairs present, variously developed. Hair 
5-C short to moderately long, weakly developed, subequal in length to 4-C; hair 6-C 
smaller than and cephalad of 7-C; hair 7-C double or triple; 8,9-C widely separated, 
usually single, 8-C caudolaterad and 9-C caudad of trumpet base. Trumpet: Not 
placed on tubercle; moderately long, index 5.0-9.0; strongly pigmented; tracheoid 
distinct, short; apex not flared; pinna short. Metanotum: Hairs 10,11-C removed 
from 12-C, moderately close together; 10-C usually with fewer than 6 branches; 1 1- 
C usually single, rarely double. Abdomen: Without distinct pattern of pigmentation. 
Hair 3-I usually single; 1-I] multiple, branches short and weak, not resembling float 
hair (1-1); hair 2-II-VII submarginal, situated either laterad or mesad of hair 1; hair 
5-IV,V moderately long, single, usually extending to apex of succeeding segment; 5- 
VI moderately long, usually single, never extending beyond basal 0.6 of succeeding 
segment; 6-II-VI usually single, rarely double; 2-VI,VII laterad of hair 1; hair 9-II-VI 
caudolaterad of hair 6; hair 9-VII at least 3-branched, 9-VIII 4-branched and about 
0.5 of segment length, both strongly developed; 4-VIII usually double; 1-IX small, 
single (absent in restrictor). Lobes on posterior margin of sternum VIII distinct. 
Tergite VIII slightly overlapping base of tergite IX. Paddle: Without any pigmented 
spot; longer than wide, apex rounded; midrib strongly differentiated; external but- 
tress distinct; paddle margin without spicules; both paddle hairs (1,2-P) apparently 
not developed. 

FOURTH INSTAR LARVAE (figs. 15,30). Head: Width about 1.2 of length. 
Head capsule with conspicuous lateral expansion on each side caudad of antenna. 
Labrum well differentiated dorsally. Ocular lobes slightly marked. Mouthbrushes 
with numerous filaments. Collar moderately developed, narrow. Posterior tentorial 
pit a short distance from caudal border. Maxillary suture complete, extending a 
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short distance caudolaterad of pit. Anterior border of labial plate truncate. Aulae- 
um with distinct filamentous spicules. Mental plate well developed, with 7-9 lateral 
teeth; median tooth usually shouldered. Hair O-C small, removed laterad of 1-C; hair 
1-C strong, straight; 2,3-C apparently both not developed; 4-C small, usually single 
and anteromesad of 5,6-C; hair 5-C multiple, longer than antenna; 6-C anterolaterad 
of 5-C, single and distinctly longer than antenna; 7-C multiple, with barbed branches; 
8-C usually double, rarely triple; 1 1-C with 2-6 weak branches; 13-C slightly closer to 
12-C than to 11-C; 14,15-C moved slightly anteriad; basal maxillary hair (bmh) small, 
single; 16,17-C not developed. Antenna: Moderately long, with distinct spinelike 
spicules in basal 0.75. Hair 1-A large, multiple and inserted 0.75 from base; other 
hairs short to moderately long, single. Thorax: Roughly oval in outline, slightly wi- 
der than long. Integument glabrous. Hairs 1-3-P on a distinct tubercle; 1-P long, sin- 
gle; 3-P moderately long, single to 5-branched; 14-P single; 0-P, 1,13,14-M, 1,3,13-T 
with weak branches, not stellate, restrictor with longer, stronger branches in 13-T. 
Abdomen: Integument glabrous. Hairs 1,2,4,11,13-I, 1,2,5,9,13-H, 1,2,5,7,9,13-HI- 
VII short to moderately long, varied in branching, never stellate; hair 2 never moved 
far cephalad of 1, always within posterior half of segment; 6-I long, at least triple; 7-I 
long, single; 6-II long, double or triple; 7-II shorter, multiple; 6-III-V at least moder- 
ately long, double or triple; 6-VI single, long. Segment VIII: Comb scales in a patch 
of 3-5 irregular rows; individual scale narrow, elongate, broadly rounded apically. 
Hair 1-VIII multiple, with short weak branches; 5-VIII moderately long, double or 
triple; 1,2-VIII not on tubercle or sclerotized plate except in restrictor. Siphon: 
Long, index 13.0-30.0. Integument with minute wartlike spicules. Acus distinct, 
attached, with a short blunt ventral and a narrow pointed dorsal projection, except 
no dorsal projection in restrictor. Pecten not extending beyond basal 0.25. Hair 1-S 
distinctly caudad of last pecten tooth; 4-6 pairs of subventral (1,la-S) and 2 pairs of 
subdorsal hairs (2a-S) on siphon; both subdorsal hairs distal in position; hair 2-S dis- 
tinct, slightly curved, with or without submedian branch. Anal Segment: Saddle 
complete; integument imbricate and faintly spiculose distally; acus not developed; 
caudal margin without spines; hair 1-X short to moderately long, branched. Hairs 2, 
3-X long, single; ventral brush (4-X) with 5 pairs (6 in restrictor) of branched hairs on 
a grid with distinct lateral bar, not attached to saddle; no detached proximal hairs. 
Gills varied in length, ventral shorter than or subequal to dorsal. 


GENERAL CONSIDERATIONS 


TAXONOMIC CHARACTERS. Adults of Anoedioporpa, like those of most other 
subgenera of Culex, are very similar in external morphology and ornamentation, and 
therefore we have not been able to find many reliable characters for the separation 
of the 2 groups. The problem becomes even more difficult at the specific level. The 
only reliable characters we found useful in the separation of groups are: (1) presence 
or absence of acrostichal bristles on the disc of the mesonotum and (2) length of 
male and female palpus. The characters used in the separation of species are rather 
tenuous, such as (1) coloration of scales on upper margin of ppn and antealar area 
above paratergite and (2) coloration of erect scales on vertex. 

The male genitalia, however, show significant and reliable characters at the specific 
level such as: (1) nature of the lobes of [X tergite, (2) position and structure of sub- 
apical lobe, (3) details of clasper, (4) presence or absence of foliaceous setae on the 
subapical lobe, and (5) number and nature of cercal setae and apical spines on the 
paraproct. 
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Like the adults, the immature stages are difficult to diagnose at the specific level, 
but reliable characters are present to separate them into groups. In the pupae, the 
characters used at the level of groups are: (1) length of 10-C in relation to 11-C, (2) 
nature and branching of hair 1-II, (3) length of 6-I,II in relation to 7-I,[I, and (4) 
presence or absence of hair 1-[X. The fourth instar larvae show many significant 
characters at the group and, sometimes, specific levels. Among the most important 
characters used in the separation of groups are: (1) nature of the central tooth of 
mental plate, (2) presence or absence of a sclerotized plate on segment VIII, (3) 
number of hairs in the ventral brush (4-X), and (4) number of subdorsal hairs (2a-S) 
on siphon. 

SYSTEMATICS. The following combination of characters of the adults and im- 
mature stages will distinguish Anoedioporpa from other subgenera of Culex. In the 
adults, the subgenus is characterized by the combination of: (1) only narrow decum- 
bent scales on the vertex, (2) short palpus in both sexes (except in restrictor), (3) 
general absence of acrostichal bristles on the mesonotum (except in corrigani and re- 
strictor), (4) generally yellowish pleural integument, and (5) dark tarsi. In the male 
genitalia, Anoedioporpa is distinguished by: (1) shape and position of lobe of IX ter- 
gite, (2) development and structure of subapical lobe, (3) details of clasper, and (4) 
shape of the lateral plate of phallosome. In the pupae, the subgenus is diagnosed by: 
(1) strongly pigmented trumpet, (2) hair 9-VIII long, subequal in length to tergite 
VIII, (3) presence of hair 1-IX (absent in restrictor), (4) absence of marginal spicules 
on paddle, and (5) absence of both paddle hairs. The most important characters 
that separate Anoedioporpa from other subgenera in the larvae are: (1) absence of 
head hair 2-C (present in restrictor only), (2) shouldered central tooth on mental 
plate (simple in restrictor), (3) 4 pairs of subventral and 2 pairs of subdorsal hairs on 
the siphon, (4) apical hook (2-S) of siphon with a small submedian branch, (5) dor- 
sal saddle hairs (2,3-X) long, single, and (6) ventral brush usually with 5 pairs of hairs 
(6 pairs in restrictor). 

We are including in Anoedioporpa Culex restrictor, considered a member of the 
subgenus Microculex by Stone, Knight and Starcke (1959:250) and Knight and 
Stone (1977:269). On the basis of correlated features of adults and immatures, re- 
strictor appears to be closer to Anoedioporpa than to other subgenera. However, re- 
strictor is very distinct in certain features, and therefore it is placed in a monotypic 
group. It has retained several ancestral attributes not exhibited by members of the 
Conservator Group. 

In the present revision 12 species are recognized in the subgenus, falling into 2 
well defined groups: (1) Conservator Group with 11 species (conservator, canaanen- 
sis, damascenoi, browni, bamborum, belemensis, chaguanco, originator, quasiorigina- 
tor, luteopleurus and corrigani) and (2) monotypic Restrictor Group. 

BIONOMICS. All members of Anoedioporpa are container breeders, and their im- 
mature stages have been collected mainly in treeholes and/or bamboo, and occasion- 
ally in artificial containers. The adults of all species are primarily sylvan, but some 
have been collected in suburban surroundings at low to moderately high elevations. 
Field studies in Panama show that immature stages are found near ground level as 
well as in the forest canopy (Galindo, Carpenter and Trapido 1951), and apparently 
the adults do not show any preference for height. The females of Anoedioporpa are 
not reported to bite man and like most of the species of Culex are nocturnal. Some 
species exhibit positive phototropism and are collected in large numbers in light traps 
(Galindo and Blanton 1955). Females of Culex conservator lay their eggs in rafts on 
the surface of water in treeholes (Howard, Dyar and Knab 1915:310), but nothing is 
known about the ovipositing behavior of other species. 
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DISTRIBUTION (figs. 12,27). Anoedioporpa is primarily Central and South Amer- 
ican in its distribution; apparently all species are confined to the mainland with the 
exception of conservator and originator. The subgenus has a wide distribution, ex- 
tending from Mexico through Central America, Colombia, Venezuela, the Guianas, 
northern and eastern parts of Brazil, and northern Argentina. The northern limits of 
distribution are found in the states of Jalisco on the Pacific side and San Luis Potosi 
on the Atlantic side of Mexico (restrictor). The southern limits of distribution are 
found in the departments of Salta and Misiones in northern Argentina (chaguanco). 
On the Pacific side of the Andes in South America, Anoedioporpa extends south on- 
ly a short distance to the department of Valle del Cauca in Colombia (browni). This 
subgenus has not been reported from central or southern Brazil, but this is probably 
due to paucity of collections. Further surveys from various critical areas in Brazil 
will probably reveal some hitherto unknown forms, and fill some of the lacunae in 
our present understanding of the distribution of the various species of Anoedioporpa. 

Of all the known species of Anoedioporpa, Culex conservator appears to be the 
dominant and most widespread one in terms of range and number of individuals. It 
is sympatric with all the other species of the subgenus with the possible exception of 
canaanensis and chaguanco. It is the only species occupying almost the entire range 
of the distribution of Anoedioporpa. Four species (browni, corrigani, originator, re- 
strictor) are known from numerous localities in Central and/or northern South Amer- 
ica. Only 2 species are known from any of the islands of the West Indies: conserva- 
tor from Trinidad and Tobago, and originator from Trinidad, Grenada and Martin- 
ique. All the remaining 7 species are each known from only one or 2 localities in 
South America. 


KEYS TO SPECIES OF ANOEDIOPORPA 


ADULTS 
l. Mesonotun: with at least a few acrostichal bristles 4. 625.55. . .2 
Mesonotum with no indication of acrostichal bristles . . . .... .3 
2(1). Acrostichal bristles extending from anterior promontory to prescutellar 
area, strong, distinct; lower mep witha bristle . . . . 12. restrictor 
Acrostichal bristles represented by 3,4 shorter setae near prescutellar area; 
lower mien Dale 6 oe Ge a oa A, corricant 
3(1). Antealar area above paratergite with black scales . . . 10. luteopleurus 
Antealar area above paratergite with scattered white scales. . . .. .4 
4(3). Frect scales on vertex white tocreamy .... . .. . .J. conservator 
Erect sczes On Vertes Diwan ga 8 
5(4). Scalesonupperppn brown. . . . . 2. canaanensis; 8. originator 


Scales on upper ppn white . . 3. damascenoi: 4. browni; 5. bamborum; 
HD eae y 6. belemensis; 7. chaguanco,; 9. quasioriginator 
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4(3). 


5(3). 


6(1). 


7(6). 


8(6). 


9(8). 


10(8). 


11(10). 
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MALE GENITALIA 
Inner surface of sidepiece below proximal division of subapical lobe with a 
large densely setose area .... , es 
Inner surface of sidepiece be:ow Beal Son ae apical lobe at 
RIOSE Wilh 2 lew SCattcred. 20tke i hi ek SS) Des 
Proximal division of subapical lobe densely setose on nee surface to 
basal 0.5 in addition to asetose areaonsidepiece . . 2. canaanensis 
Proximal division of subapical lobe not setose on undersurface. . . .3 
Setose area of sidepiece below proximal division of subapical lobe flat- 
bene oF ee, oe 
Setose area of gdeniecs below peoniinal @ivision of subapical fobs | in the 
Porn evr Os ee ee 
Distal division of subapical lobe with 2 enlarged leaves near middle of 
Stel 2k ' . .d. conservator 
Distal division of subapical lobe with only : enlarged leaf near middle of 
a ee, Cemascenol 


Distal division of subapical lobe with a lanceolate seta midway on stem; 
setose area of sidepiece below Ace division (boss) without any en- 
largec setae 2... . . 4. browni 

Distal division of sub anival lobe with an oflsicen eat as on stem; 
setose area of sidepiece below proximal division (boss) with a few spec- 


feed colnieed Setge eS Domborum 
Proctiser Wib a densely setose subapical area. . . . ww ee ye el 
Proctiger with a few very short, weak cercalsetac . ........8 


Stem of proximal division of subapical lobe with a patch of short setae ex- 
tending from base to middle... . . &. originator 
Stem of proximal division of subapical lobe Shout any setae 
ee a 9. guosioriginator 
Distal division of subapical lobe short, wider than Sin without a narrow 
stem |. oe 
Distal division of subapical lobe longer than wide, with a narrow stem . 10 


Distal division of lobe with only specialized setae; cercal sclerite of procti- 
ger broad, oe bent mesad; clasper stout, about 0.5 length of 
sidepiece |” . . . LL. corrigani 

Distal division of lobe, in addition to specialized setae, with 4 apical leaves; 
cercal sclerite of proctiger digitiform, bent laterad; clasper narrow, slen- 
der, about0,60-10. 65 lenetn di sidepiece . . . cw Ee. restrictor 


Distal division of subapical lobe with 5 enlarged leaves; ninth tergite lobes 
INCISUINCL «64: . . 10. luteopleurus 

Distal division of subapical lobe with { or i) enlarged leaves: ninth tergite 
Popes (istic, MGNR he 68 Oa a ee ce ae a LT 


Distal division of subapical lobe with 1 enlarged leaf midway on stem 
ee 7. chaguanco 
Distal dicen ar subapical lobe with 2 onlersed leaves midway on stem 
. 6. belemensis 
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PUPAE 
(6. belemensis, 9. quasioriginator and 10. luteopleurus unknown; 
2. canaanensis not included) 
Restrictor Group 
1. Hair 10-C strongly developed, double, longer than 11-C . . 12. restrictor 
Hair 10-C weakly developed, multiple, shorter than or subequal to 11-C .2 
Conservator Group 


Zt4). Hair 1-VII at least double; 4-VI usually aii nee of 5- VI 
; 11. corrigani 


Han 1-VII ‘single: AVI cephalolaterad of 5-V1 . eS hea ta Sante a gee 
32). Hair 2-II extremely small, branches indistinct at 1OOX . . ... . 4.44 
Hair 2-II small, branches distinct av TOOX gs es Pe Ene tee 

4(3). Apex of paddle slightly produced; trumpet hohe ae index about 
moe eo ie ie ; . . 3. bamborum 


Apex of os rounded: trumpet shorter, index Jess than - 0 on 
. 3. damascenoi 


StS): Hair 5-II] Ae tate (4-7) CI eh I aa es) he CGM NOPVaLar 


Flair STI Sinsie Or GOUUIe 8 ee ee ee re 

6(5). Hair 1-Vi usaally doubic., 62 oe ae 7 eeeanco 

Hair i-VIisingle .3 ooo a a ae OW ©. Crigineror 
LARVAE 


(3. damascenoi, 6. belemensis, 9. quasioriginator and 10. luteopleurus 
unknown; 2. canaanensis not included) 


Restrictor Group 
t; Ventral brush (4-X) with 6 pairs of hairs; central tooth of mental plate not 
shouldered; hair 2-VIII on an oval sclerotized plate. . . 12. restrictor 
Ventral brush (4-X) with 5 pairs of hairs; central tooth of mental plate 
shouldered hair 2-VIIl not ona sclerotized plate: a ee 


Conservator Group 


ath): Hair 1-V short, branched, barely extending to apex of segment . 
sae 11. corrigani 
Hair 1-V esteem long, single. ciendine Ravend apex of succeeding 


SOCTIOIE sari Pica) lett dd On eee renntie Meee ER ici CewN dom aa nt ge 

a2), Siphon extremely long, index more than 25.0. . . . . . 5. bamborum 
SIN OM SNOTICT ee eae aA De er ee ee eee ae 

4(3). Gills long, dorsal at least 2.0 length of saddle . . .... . 4 browni 
Gills shorter, dorsal subequal tolength of saddle. oe we el SS 

5(4). Siphon with 5 paris of subventral hairs(1,la-S) . . . . . 7. chaguanco 


Siphon wih + pais OF supventral Naits(ivieay ee eee 6 
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6(5). Hair 5-C usually triple (2-5); hair 3-P single or double; 7-P usually double, 


rarely single . . . .d. conservator 
Hair 5-C at least 4- branched (4-7): nae 3- P P usualy tripe (2-5); hair 7-P 
usually single, rarely double ... . .  &. originator 


Conservator Group 


FEMALES. Usually small, inornate species. Head: Erect scales forked apically, 
creamy to brown, Proboscis longer than forefemur, entirely dark scaled. Palpus 
short, about 0.15 length of proboscis, 4-segmented, segment 4 about 2.0 of segment 
3. Antenna shorter than proboscis. Thorax: Mesonotal scales tan to brown. Acro- 
stichal bristles usually absent (2,3 short setae present near prescutellar space in corri- 
gani). Pleural integument yellowish to greenish; scaling restricted to upper ppn and 
stp; lower mep usually with 1 strong bristle. Abdomen: Tergites IJ-VII with basolat- 
eral light patches, predominantly dark scaled; sternites predominantly creamy, dark 
scaled distally. 

MALES. Similar to female in coloration. Palpus short, about 0.15 length of pro- 
boscis, 4-segmented; segment 4 about 1.6 of segment 3. 

MALE GENITALIA. Segment IX: Tergite lobe moundlike or indistinct, with var- 
ied number of short to moderately long setae. Sidepiece: Roughly conical, length 
1.8-2.0 of greatest width. Lobe situated at 0.7, directed caudomesad, divided into 
proximal and distal divisions; proximal division with 2 distinct rods; distal division 
with varied number of setae; leaf present or absent on stem. Clasper: About 0.6-0.7 
length of sidepiece, curved inwards, distal portion usually with transverse ridges on 
external margin. Phallosome: Lateral plate with apical process broadly rounded or 
truncate from dorsal aspect; sternal spine short, pointed. Proctiger: Paraproct with 
6-13 apical teeth; cercal setae variable in number. 

PUPAE. Cephalothorax: Hair 5-C short, weakly developed, subequal in length to 
4-C; hair 10-C weakly developed, at least double, distinctly shorter than 11-C. Abdo- 
men: Hair 1-I] small, weakly branched, not resembling float hair (1-I); hair 1-III-VII 
moderately long, varied in branching; 6-I,II moderately long, subequal to 7-II, III; hair 
5-IV,V long, single, either barely reaching or extending beyond apex of succeeding 
segment; 2-II-VI short, subequal in length to 9-II-VI; hair 9-VII strong, at least 2- 
branched (2-5); hair 9-VIII with 3-8 strong branches, slightly shorter than segment 
VIII; hair 1-[X present, small. Posterior margin of sternum VIII mesad of hair 9-VIII 
distinctly lobed. Paddle: Elongate, lightly pigmented; hairs 1,2-P absent. 

FOURTH INSTAR LARVAE. Head: Hair 5-C at least 3-branched; 6-C single; 7-C 
with 6-10 and 11-C with 3,4 branches. Central tooth of mental plate distinctly 
shouldered. Antenna: Hair 1-A inserted about 0.75 from base. Thorax: Hairs 5,6-P 
single, 7-P single or double, all strongly developed. Abdomen: Hair 6-III-V moder- 
ately long, but less than 0.5 length of 6-I,I]; hair 9-II-VI short, single and spinelike. 
Segment VIII: Hair 2-VIII not on a sclerotized plate. Siphon: Subventral hairs (1, 
la-S) 4,5 pairs; subdorsal hairs (2a-S) only 2 pairs, both located in distal half of si- 
phon. Anal Segment: Ventral brush (4-X) with 5 pairs of hairs on a grid. Gills var- 
ied in length, ventral usually shorter than dorsal. 

DISCUSSION. The Conservator Group includes all members of the subgenus ex- 
cept restrictor, and is strongly differentiated from the Restrictor Group in the adults 
and immature stages. In the adults, both sexes have a short palpus, and are devoid of 
acrostichal bristles on the disc with the exception of corrigani. The pupae are readily 
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recognized by the weakly developed hair 10-C which is distinctly smaller than or sub- 
equal to 11-C. The larvae are immediately separated from all others by the presence 
of a shouldered central tooth on the mental plate and 5 pairs of hairs in the ventral 
brush. 

Of all the included species, conservator appears to be the dominant species with an 
extensive distribution from southern Mexico through Central America to central 
(Anapolis, Goias) and eastern (Alagoas) Brazil, including the islands of Trinidad and 
Tobago. Culex originator has a more restricted distribution in northern South Amer- 
ica (Venezuela, the Guianas, NE Brazil), and is the only other species known from 
Trinidad; it is the only species reported from any of the islands of the Lesser Antilles 
(Grenada and Martinique). Culex corrigani is found only in Central America, along 
the Caribbean side from Nicaragua to Panama, and on the Pacific side in Panama. 
Culex browni is known from eastern Panama (Darien) to the Pacific side of the An- 
des in Colombia (Valle del Cauca) and the Atlantic side of the Andes in Ecuador 
(Napo); browni is the only species reported from the Pacific side of the Andes in 
South America, and the only species reported from Ecuador. Culex belemensis and 
damascenoi are both known only from 2 localities each in French Guiana and north- 
eastern Brazil. Culex chaguanco is the most southern species, being known from 2 
localities in Argentina (Salta and Misiones). The other 4 species are known only 
from their type localities: bamborum from Colombia (Meta), canaanensis from Brazil 
(Espirito Santo), and Juteopleurus and quasioriginator both from the state of Para in 
Brazil. 


1. Culex (Anoedioporpa) conservator Dyar & Knab 
Figs, 12,13,14,15 


1906. Culex conservator Dyar & Knab 1906:221-222. *TYPE: Lectotype larval skin (13.12) 
with associated pupal skin and male, St. Joseph (St. George), Trinidad, 15 June 1905, A. 
Busck [USNM; designation of Stone and Knight 1957:46]. 

1906. Culex divisior Dyar & Knab 1906:222-223. *TYPE: Lectotype larval skin (B15-6) with 
associated pupal skin and male, Trinidad, 9 Nov 1905, F.W. Urich [USNM; designation of 
Stone and Knight 1957:47-48]. Synonymy with conservator by Dyar 1922:95. 

1922. Culex (Isostomyia) bifoliata Dyar 1922a:94-96. *TYPE: Lectotype male (164.4) with 
genitalia slide, Miraflores, Canal Zone, Panama, 15 Dec 1921, J.B. Shropshire [USNM, 25 
254; designation of Stone and Knight 1957:44]. Synonymy with conservator by Dyar 
1928:345. 

1923. Culex paganus Evans 1923a:104-106. *TYPE: Lectotype male (D/409) with genitalia 
on 3 slides, from village, Estado Aragua, Venezuela, 2 Aug 1922, M. Nunez Tovar [BM- 
LIVER; designation of Belkin 1968b:18-19]. NEW SYNONYMY. 

Culex (Anoedioporpa) conservator of Bonne and Bonne-Wepster (1925:188,260,261-263); Belkin 
(1968b: 11-12); Bertram (1971:745,751); Xavier and Mattos (1975:246); Knight and Stone 
(1977:195); Heinemann and Belkin (1977a:283; 1977b:415,427,442; 1977c:528; 1978a:183, 
194; 1978b:393 437; 1979:94). 

Culex (Isostomyia) conservator of Dyar (1918:103; 1922:95,96); Gordon and Evans (1922:325, 
326,327); Edwards (1932:218); Komp (1936:327); Chagas, da Cunha et al. (1938:194); Lane 
(1939:73-74); Anduze (1941:16; 1943:196; 1947:359); Lane and Whitman (1943:397,398); 
Rozeboom and Komp (1948:430); Arnett (1948:189-190; 1950:107,111,112); Galindo, Car- 
penter and Trapido (1951:102,104,105,107,108,110,111,112,113,126); Horsfall (1955:548). 

Culex (Aedinus) conservator of Dyar (1923b:189); Bonne-Wepster and Bonne (1923:125); Stone, 
Knight and Starcke (1959:281, in part); Belkin, Schick and Heinemann (1965:70); Cova Garcia, 
Sutil and Rausseo (1966a:28,107, in part; 1966b:40-41, 83-84, 342, in part). 

Culex (Melanoconion) conservator of Dyar (1928:345-346); Lima (1930:255); Shannon (193 1:8, 
23); Komp (1935:10); Chagas, da Cunha et al. (1937:385,387,388,389). 
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Culex (Tinolestes) conservator of Lane (1953:391-392); Duret and Damasceno (1955:394,395); 
Galindo and Blanton (1955:70); Fauran (1961b:48); Cerqueira (1961:131). 

Culex (Anoedioporpa) bifoliatus of Dyar (1923a:177); Bonne and Bonne-Wepster (1925:260,263). 

Culex (Isostomyia) bifoliata of Gordon and Evans (1922:327); Evans (1923:105,106); Stone and 
Knight (1957:44). 

Culex (Aedinus) bifoliatus of Dyar (1923b:189). 

Culex (Melanoconion) bifoliatus of Dyar (1925:158,161,169). 

Culex (Anoedioporpa) paganus of Bonne and Bonne-Wepster (1925:260,265); Belkin (1968:12,18, 
19); Xavier and Mattos (1975:246). 

Culex (Isostomyia) paganus of Lane and Whitman (1943:397). 

Culex (Aedinus) paganus of Stone, Knight and Starcke (1959:282); Belkin, Schick and Heinemann 
(1965:75); Cova Garcia, Sutil and Rausseo (1966a:28; 1966b:41,84,343). 

Culex (Tinolestes) paganus of Lane (1953:394-395); Duret and Damasceno (1955 :394,395 397, 
407,408); Fauran (1961b:48). 

Culex conservator of Dyar (1906:18); Urich (1913:529); Howard, Dyar and Knab (1915:222,229, 
308-310); Soper, Penna et al. (1933:574); Kumm and Novis (1937:511); Kumm, Komp and 
Ruiz (1940:403); Galindo, Carpenter and Trapido (1955:159-161); Stone and Knight (1957: 
46); Mattos and Xavier (1965:281); Forattini, Rabello and Cotrim (1970:37). 

Culex paganus of Forattini, Rabello and Cotrim (1970:468). 


FEMALE (fig. 13). Wing: 2.4-2.5 mm. Proboscis: 1.8-1.9 mm. Forefemur: 1.5- 
1.7mm. Abdomen: 1.60-1.65 mm. As described for the subgenus and group, with 
the following additional features. Head: Decumbent scales on vertex narrow, 
creamy; sides and venter with broad white scales. Erect scales white to creamy. Pal- 
pus short, about 0.16 length of proboscis. Thorax: Scales on mesonotum predomi- 
nantly narrow, auburn except for white scales on anterior promontory and along an- 
terior part of lateral prescutal area. Antealar area above paratergite with moderately 
broad white scales. Pleural integument usually yellowish. Upper margin of ppn with 
narrow white scales. Lower mep with a strong bristle. Abdomen: Scales on tergites 
predominantly brown except for basolateral light areas. Sternites with creamy to 
whitish scales. 

FEMALE GENITALIA (fig. 13). As described and figured for Conservator Group. 

MALE (fig. 13). Wing: 2.4-2.5 mm. Proboscis: 2.0 mm. Forefemur: 1.6 mm. 
Similar to female in general coloration. Palpus about 0.15 length of proboscis. 

MALE GENITALIA (fig. 14). As figured; diagnostic characters as in the key. Seg- 
ment IX: Tergite lobes slight, widely separated, each with 4-6 short weak setae. 
Sidepiece: Roughly conical; length about 2.0 of greatest width; lateral surface with 
a few longer bristles and scales; sternal surface with shorter setae; tergal surface later- 
ad of proximal division of subapical lobe with a triangular, densely setose area. 

Lobe: Proximal division with a moderately long stem bearing 2 rods with hooked 
tips, upper rod inserted at apex, lower slightly basad. Distal division distinct, with 1 
subbasal (sometimes basal) and 1 submedian leaf on stem; apex with a long filament 
with recurved expanded tip on upper surface, 2 broad filaments with expanded apex- 
es on upper angle, between these a shorter lanceolate seta. Clasper: About 0.60-0.65 
length of sidepiece, sharply bent mesad at distal 0.4; distal 0.3 of outer surface with 
many closely set transverse ridges; 1 submedian and 1 subapical seta on inner surface. 
Lateral Plate: Basal hook sclerotized, strongly curved, bearing a few denticles; apical 
process distinct, moderately long and expanded widely at tip; sternal spine short, 
pointed. Proctiger: Apex of cercal sclerite narrow, digitiform, directed caudomesad; 
cercal setae 1 or 2. Paraproct with a row of 6,7 blunt apical teeth. 

PUPA (fig. 14). Abdomen: 2.3-2.5 mm. Trumpet: 0.35-0.40 mm; index about 
5.0-5.5. Paddle: 0.50-0.55 mm. As figured; diagnostic characters as in the key. 
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Cephalothorax: Integument lightly pigmented, wing case slightly darker. Hairs 1,3- 
C single; 2-C usually double (2,3); hairs 4,5,7-C double; 6-C single; 8,9-C single; 10-C 
at least 3-branched (3-6). Trumpet: Very strongly pigmented and distinctly con- 
trasting with cephalothorax. Abdomen: Integument lightly pigmented. Hair 1-II 
short, weakly branched, easily distinguishable at 100X; hair 7-II single; 4-VI short, 
weakly branched, cephalolaterad of 5-VI; hair 1-VI,VII usually single; 9-VII with 4,5 
branches; 9-VIII usually 6-branched (3-7). Paddle: Lightly pigmented, longer than 
wide, about 2.0 of segment VIII. Male genital lobe extending to 0.4 and female to 
0.25 of paddle. 

FOURTH INSTAR LARVA (fig. 15). Head: 0.80-0.85 mm. Siphon: 1.6-1.7 mm; 
index 15.0-18.0. Anal Saddle: 0.3 mm. As figured; diagnostic characters as in key. 
Head: Width about 1.2 of length. Hair 4-C usually single; 5-C usually with 3 branch- 
es (2-5); hair 9-C usually with 6 branches (4-8); hair 14-C single; 15-C usually with 3 
branches (3,4), short, not extending to base of mental plate. Mental plate with a 
strong medium shouldered tooth and 6,7 distinct teeth on either side. Antenna: 
Length about 0.5 of head, distinctly spiculose to hair 1-A; all hairs single except 1-A 
(20,16-24). Thorax: Hair 0-P short, weak, with dendritic branches; 1-3-P long, sin- 
gle; 4-P double; 5-7-P single; 14-P small, single; 4-M double. Abdomen: Hairs 3,6-I 
usually with 3 branches (3,4); 7-I single; 6-II moderately long, usually triple; 6-III-V 
shorter than segment length, double; 1-V long, single. Segment VIII: Comb scales in 
a patch of 4,5 irregular rows, about 53-57 in number; individual scale with spatulate 
fringed apex. Siphon: Integument moderately pigmented, with a darker basal ring. 
Subventral hairs (1,1a-S) 4 pairs, progressively smaller distad; subdorsal hairs (2a-S) 

2 pairs, short, located in distal third of siphon. Pecten extending barely to proximal 
0.25; individual tooth long, pointed apically, without lateral denticles. Anal Seg- 
ment: Integument moderately pigmented, slightly imbricate. Hair 1-X short, weakly 
branched; 2,3-X long, single. Gills short; dorsal 0.65-0.90 length of saddle; ventral 
slightly shorter than dorsal. 

SYSTEMATICS. Culex conservator, the type species of Anoedioporpa, can be 
distinguished from other members of the subgenus in the adults by the presence of 
white to creamy erect scales on vertex; in the male genitalia by the combination of: 
(1) presence of a subbasal and a submedian leaf on distial division of subapical lobe 
and (2) large, triangular, densely setose area on the inner surface of sidepiece below 
subapical lobe; in the pupa by the combination of: (1) hair 1-VII single, (2) shorter 
trumpet with index of 5.0-5.5, and (3) 5-III at least triple (3-7); in the larva by the 
combination of: (1) hair 5-C usually triple (2-5), (2) hair 3-P single or double, and (3) 
hair 7-P usually double, rarely single. 

Culex conservator is the most abundant and widespread species of Anoedioporpa 
and constitutes the dominant species of the subgenus in terms of range and number 
of individuals. It is sympatric with all species except canaanensis and chaguanco. 
This dominance indicates that conservator may possibly be one of the more modern 
species of Anoedioporpa in relation to the complex distribution pattern and geologi- 
cal history of the area occupied by this species. However, it may represent the an- 
cestral stock from which several segregates have developed in the Conservator Group. 

Very little variation in adult morphology is apparent throughout the known wide 
distribution of conservator, and no significant population differentiation in the im- 
mature stages has been detected in the relatively large sample examined. 

We have examined the types of divisior Dyar & Knab 1906 and bifoliata Dyar 
1922, and they are undoubtedly conspecific with conservator; hence their synonymy 
(Dyar 1922:95; 1928:345) is justified. We are synonymizing paganus Evans 1923 
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with conservator. Although we have not studied the types in detail, the description 
of paganus matches in all pertinent details the diagnostic features of conservator. On 
the other hand, surukumensis Anduze 1941 which has been synonymized with con- 
servator in the past appears to be conspecific with originator (see). 

BIONOMICS. The immature stages of Culex conservator have been found in tree- 
holes and bamboo in sylvan areas. They are frequently found breeding in open tree- 
holes in suburban areas away from forests. This species is particularly addicted to 
bamboo traps and was found almost equally as often in traps situated near the 
ground as in the,forest canopy (Galindo, Carpenter and Trapido 1951:127). Ap- 
parently the eggs are laid in a raft floating on the surface of the water (Howard, Dyar 
and Knab 1915:310). The females are innocuous and do not bite humans (Shannon 
1931: 23), 

DISTRIBUTION (fig. 12). Culex conservator is the most widely distributed spe- 
cies in the subgenus, extending from southern Mexico (Tabasco) to at least northern 
Brazil (Amazonas, Para). It is reported to occur as far south as central (Anapolis in 
Goias) and eastern (Alagoas, Ceara, Piaui) Brazil. It is found throughout Central 
America ( all countries except El Salvador and Nicaragua), in the islands of Trinidad 
and Tobago, and in parts of northern South America, including the Guianas, Colom- 
bia (Meta) and Venezuela (Aragua, Carabobo, Monagas). It has been collected from 
near sea level to 740 m above sea level. 

Material examined: 1636 specimens; 236 males, 207 females, 315 pupae, 878 lar- 
vae; 227 individual rearings (142 larval, 62 pupal, 23 incomplete). 

BELIZE. Cayo: Augustine, Mountain Pine Ridge, 500-1000 m, 10 Aug 1967, P. Williams, 1M 
(BH 490) [UCLA]. 

BRAZIL. Alagoas: Maceio (Chagas, da Cunha et al. 1937:388). Amazonas: Rio Paruary, det. 
J. Lane [FH, 5933-35]. Maues, Mgen, det. J. Lane [FH, 6123; Forattini, Rabello and Cotrim 1970: 
37]. Ceara: Crato (Chagas, da Cunha et al. 1937:387). Goias: Anapolis (Mattos and Xavier 1965: 
281). Para: Belem, Conceicao do Araguaia; and Utinga (as paganus) [INER, Xavier and Mattos 
1975:246]. Curralinho, Rio Camucu, 1936, H.W. Kumm, 1M (K74) [USNM] ; Rio Massaranduba 
[INER, Xavier and Mattos 1975:246]. Ilha de Marajo (Kumm and Novis 1938:511). Piaui: Tere- 
sina (Thorezina) (Chagas, da Cunha et al. 1937:385). Locality unspecified: H.W. Kumm, |Mgen 
(9043) [USNM]. 

COLOMBIA. Meta: Villavicencio, 1944, M. Bates, 3M (CV 61,61-1,61-8), 1F (61-1); Bosque 
Ocoa, 19 Aug 1948, M. Bates, 1Mgen (CV 1009-101) [UCLA]. 

COSTA RICA. Puntarenas: Golfito, H.W. Kumm, 1Mgen (509) [USNM]. Osa Peninsula, Rin- 
con, near sea level, 29 June 1963, C.L. Hogue, 1 IpM (CR 130-201), 3 lpF (131-203,-205,-206), 3 
pM (130-601-603), 3M, 7F, 9P, 83L (130), 2 lpM (CR 131-201,-204), 5M, 8F, 12P, 168L (131), 1 
M (CR 138) [UCLA]. 

FRENCH GUIANA. Guyane: Organabo, 10 m, 16 Feb 1969, J. Clastrier, 2L (FGC 3914) [UC 
LA]. 

GUATEMALA. Izabal: Quirigua ruins, 70 m, 4 Aug 1964, T. and J. Zavortink and W. Almen- 
gor, 1 lpM (GUA 90-101), 1 IpF (90-100) [UCLA]. 

HONDURAS. Atlantida: Lancetilla, 50m, 19 Aug 1964, A. Quinonez, | lpF (HON 54-20), 2 
pF (54-101,-203), 2P (54), 2 pM (HON 55-100,-101), 2 pF (55-102,-103), 2P, 2L (55) [UCLA]. 

MEXICO. Tabasco: Comalcalco, 10 m, 12 July 1970, K. and D. Schroeder, 1 IP (MEX 553-10), 
1 pM (MEX 554-101), 2 pF (554-100,-102), 12L (554), 1 IpF (MEX 555-20), 6L (555) [UCLA]. 

PANAMA. Bocas del Toro: Almirante, 10 m, 27 Apr 1963, A. Quinonez, 1 lpF (PA 259-104), 
4L (259); 14,15 Apr 64, A. Quinonez, 1M (PA 666) [UCLA]. Canal Zone: Arraijan, 9 Oct 1950, 
S.J. Carpenter, 2L; 20 Nov 1950, S.J. Carpenter, 8L; 30 Oct 1950, S.J. Carpenter, 1L [UCLA]. 
Balboa, 28 Dec 1921, J.B. Shropshire, 2F [USNM] ; 18 Feb 1943, 4F (KO 37-3) [UCLA]. Barro 
Colorado Is., 25-170 m, 7 May 1943, W.H.W. Komp, 1M (KO 37-23), 3F (KO 37-18, 37-30, 41-43); 
12 May 1943, 1M (KO 41-12); 31 May 1943, 1F (KO 37-31); 20 Aug 1944, K. Frick, 3M (ASM 80- 
1, 90-1); 15 May 1945, 6L (52-89, 53-11); 26 July 1946, 1M, 1F (KO 31-32); 4 Dec 1965, A. 
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Quinonez, 1 lpM (PA 861-12), 1 lpF (861-30) [UCLA] ; Miller Tower area, 15 May 1945, 1M, 1F 
[USNM] ; Pearson Trail, 7 May 1943, 1M (KO 41-17), 2F (KO 41-26,-39); S.M. Trail, 7 May 1943, 
1F (KO 41-37) [UCLA]. Chiva Chiva, 30 m, 10 Nov 1965, A. Quinonez, 3 IpM (PA 764-10-12), 2 
IpF (764-13,-14), 2 pF (764-100,-101), 1P (764); 11 Nov 1965, A. Quinonez, 1 lpM (PA 768-30), 
1F (768), 4 lpM (PA 769-11,-13,-15,-16), 3 lpF (769-10,-12,-14), 1F, 1P, 17L (769) [UCLA]. 
Chepo Road, 22 Oct 1939, 6M [USNM]. Corozal, 26 Apr 1942, 4M, 4F; Corozal Lab, 30 Aug 
1943, 2M, 3F; Corozal Road, East, 27 Apr 1942,3M, 2F [USNM]. Fort Sherman, 26 Aug 1949, 
1 IpF (918-12); 10 Feb 1950, 1 lpF (2645-2); 24 Feb 1950, 1 lpF (2755-7); 26 Oct 1950, S.J. Car- 
penter, 16L; Sweet Water Reservoir, 80 m, 10 Nov 1964, A. Quinonez, 1 lpF (PA 732-20), 4L 
(732) [UCLA]. Gatun, 25 Aug 1926, D.P. Curry, 2M, 2F; 25 July 1928, 2L [USNM]. Madden 
Forest Preserve, less than 200 m, 29 Nov 1965, 2 IpM (PA 839-11,-15), 3 lpF (839-10,-12,-13), 1 IP 
(839-14), 5L (839) [UCLA]. Mandingo, 22 Dec 1921, J.B. Shropshire, 2M (25284), 1F [type ser- 
ies of bifoliata, USNM]|. Margarita, 10 m, 8 Oct 1964, A. Quinonez, 1 pM (PA 716) [UCLA]. 
Miraflores, 28 Dec 1921, J.B. Shropshire, 1F [USNM]. Mojinga Swamp, 29 June 1922, 1Mgen; 2 
Mgen [USNM];5 m, 13 Oct 1964, A. Quinonez, 1 pM (PA 724-100) [UCLA]. Nuevo Emperador, 
road near, 100 m, 23 Nov 1965, A. Quinonez, 2 IpM (PA 832-10,-11A), 1M, 1P (832) [UCLA]. 
Old Gaillard Hwy, 31 Oct 1941, 1M; 14 Sept 1941, 1F; 1 Sept 1941, IM, 2F [USNM]. Summit, 
25 May 1945, 1L [USNM]. Venado Beach, 21 Oct 1939, 7L [USNM]. Locality unspecified, 31 
Dec 1921, J.B. Shropshire, 2M [USNM]. Colon: Corredor de Colon, near sea level, 24 Sept 1964, 
A. Quinonez, 11L (PA 713) [UCLA]. Darien: Rio Chucunaque, 16 Feb 1958, GML, 4M (GG 1- 
146); mouth of Rio Tuquesa, 10 m, 17 Feb 1958, GML, 4M, 2F (GG 1-156) [UCLA]. El Real, 
Piriaque, near sea level, 13 Jan 1964, A. Quinonez, 2L (PA 622) [UCLA]. Jaque, Rio Jaque, near 
sea level, 19 Dec 1963, A. Quinonez, 1 lpM (PA 612-107), 2 pF (612-119), 1 IP (612-118), 128L 
(612) [UCLA]. Morti, Morti Hydro, 100 m, 29 Nov 1966, O.G.W. Berlin, 1 pM (PA 958-100) 
[UCLA]. Paya Camp, 50 m, 3 July 1958, GML, 1 pF (GG 1-115) [UCLA]. Santa Fe, 20 m, 10 
Dec 1966, O.G.W. Berlin and M. Mena, | pM (PA 997-101) [UCLA]. Tacaracuna, El Salto, 9 Sept 
1958, GML, 1 lpM (GG 118-103), 1 IpF (118-101); Rio Tacarcuna valley, 600 m, 5 July 1963, A. 
Quinonez, 2 lpF (PA 437-101,-103), 1 pF (437-102), 1L (437) [UCLA]. Rio Tuira, mouth of Rio 
Paya, 50 m, 3 Mar 1958, GML, 2M (GG 68) [UCLA]. Panama: El Libano, near sea level, 26 Nov 
1963, A. Quinonez, 5 IlpM (PA 567-110,-115,-117,-119,-120), 4 lpF (567-112,-116,-121,-124), 22L 
[UCLA]. Juan Mina, 40 m, 18 Jan 1963, A. Quinonez, 2 lpF (PA 8-101,-102), 1L (8) [UCLA]. 
La Chorrera, 17 Oct 1944, Adams, 4M, 2F, 6L (ASM 210-2) [UCLA]. Panama Viejo, 17 Nov 
1944, R. Arnett and K. Frick, 1F (ASM 290-1) [UCLA]. Pacora, 27 July 1950, S.J. Carpenter, 1 
L; 29 Aug 1950, S.J. Carpenter, 5L [UCLA]. Locality unspecified: 2 Nov 1934, L.E. Rozeboom, 
1L [USNM]. No data: 1M (KO H-13-12), 4L (KO 5-366,-402,-411) [UCLA] ; M, det. Galindo 
[FH, 9012; Forattini, Rabello and Cotrim 1970:37]. 

SURINAME. Locality unspecified: J. Bonne-Wepster, 2M (BB 310,2a), 2F (BB 311,2e) 
[USNM]. 

TOBAGO. St. George: Caledonia, 290 m, 17 Nov 1965, T.H.G. Aitken, R. Martinez and A. 
Guerra, 1 IP (TOB 39-20), 1 lpM (TOB 42-32), 1 IpF (42-31), 5L (42) [UCLA]. St. Patrick: Buc- 
coo, 25 m, 19 Nov 1965, R. Martinez and A. Guerra, 7L (TOB 61) [UCLA]. Scarborough, Orange 
Hill, 150 m, 27-28 Nov 1965, R. Martinez and A. Guerra, 1M (TOB 126); 30 Nov 1965, R. Marti- 
nez and A. Guerra, 1 IpM (TOB 138-12), 2 IpF (138-10,-11), 1 pF (138-101), 1 lpF (TOB 139-10), 
2P, 4L (139) [UCLA]. Locality unspecified: July 1905, A. Busck, 1M (690723-2) [USNM]. 

TRINIDAD. Nariva: Archers Estate, 50m, 5 Nov 1964, A. Guerra, 1 IpM (TR 812-113) [UCL 
A]. Nariva Swamp, Bush Bush Forest, near sea level, 26 Feb 1964, TRVL, 1L (TR 100) [UCLA]. 
Tabaquite, Charuma Forest, 50-150 m, 27 Aug 1964, A. Guerra, 2 pM (TR 637-108,-109), 2L 
(637); 8 Oct 1964, A. Guerra, 3L (TR 752) [UCLA]. St. Andrew: Cumaca, 200 m, 15 May 1964, 
A. Guerra, 1L (TR 407-127) [UCLA]. Vega de Oropouche, Esperanza Estate, 11 Nov 1960, 1M 
[USNM]. St. George: Aripo Valley, 150 m, 25 Feb 1965, F. Powdhar, 3L (TR 1015) [UCLA]. 
Monos Island, 50 m, 17 May 1964, R.L. Manuel, 1 IpM (TR 410-103), 2 lpF (410-108,-109), 2 pM 
(410-184,-200), 1 pF (410-185), 6L (410) [UCLA]. Piarco, Centeno Propagating Station, 10 m, 
21 Jan 1965, A. Guerra, 1 pM (TR 958-130), 8L (958) [UCLA]. St. Joseph, 15 June 1905, A. 
Busck, 1 IpF (13-3), 5M (13-1,-5,-6,-7,-10), 2Mgen (13-2,-7) [type series, USNM] ; 3M (34-2), 2M, 
1F [USNM] ; La Baja Rd., 30 m, 9 Sept 1965, A. Guerra, 1 IpM (TR 1390-10), 1 IpF (1390-11), 
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1pM (1390-100) [UCLA]. Verdant Vale, 300 m, 11 Mar 1965, A. Guerra, 8L (TR 1037); 200 m, 
29 Jan 1966, A. Guerra, 4L (TR 1448) [UCLA]. U.S. Naval Base, males, det. Heredia [FH, 10926- 
29; Forattini, Rabello and Cotrim 1970:37]. Locality unspecified: 9 Nov 1905, F. Urich, 1 lpM 
(B15-3), 1 pM (B15-10), 3M (B15-1,-7,-8), 4F (B15-2,-4,-5,-9), 1F [type series of divisior, USNM]. 
VENEZUELA. Aragua: Cata, near sea level, 15 Aug 1969, J. Pulido, 2 pM (VZ 353-103,-104), 
5 pF (353-100-102,-105,-106), 1M, 1P, SL (353), 1 IpM (VZ 354-10), 3L (354); 21 Aug 1969, J. 
Clavijo and J. Valencia, 15L (VZ 388) [UCLA]. Choroni, Natl. Rt. 2 between Maracay and Chor- 
oni, 550m, 15 Aug 1969, J. Valencia, 2 lpF (VZ 358-20,-21), 3L (358) [UCLA]. Guamitas, 740 
m, 15 July 1969, J. Bergland and T. Zavortink, 2 lpF (VZ 203-90,-91) [UCLA]. Maracay, M, F 
[FH, 8936-37; Forattini, Rabello and Cotrim 1970:37]; 13 Sept 1926, M. Nunez Tovar, 2M; 10 
Oct 1926, M. Nunez Tovar, 1M, 2F; 13 Oct 1926, M. Nunez Tovar, 5F; 14 Nov 1926, M. Nunez 
Tovar, 8M, 5F; 3 Dec 1926, M. Nunez Tovar, 5M, 6F; M. Nunez Tovar, 1M [USNM]; L.E. Roze- 
boom, 9M, 6F (VZR 256); 6 June 1967, 1F [UCLA]. Maracay, San Jacinto, 9 Sept 1928, L.E. 
Rozeboom, 1M (VZR 64); 450 m, 17 July 1969, J. Pulido and J. Valencia, 1 lpM (VZ 238-10), 1 
pM (238-100), 2P, 4L (238), 1 IpM (VZ 239-12), 2 lpF (239-10,-15), 2 pM (239-101,-102), 1 pF 
(239-100), 3 IP (239-11,-13,-16), 8M, 2F, 13P, 9L (239), 3 lpM (VZ 240-11,-12,-14), 2 IpF (240- 
15,-16), 1 pM (240-101), 1 pF (240-100), 3 IP (240-10,-13,-17), 3M, 3F, 9P, 29L (240) [UCLA]. 
Maracay, Natl. Rt. 2 between Maracay and Choroni, 900 m, 26 July 1969, J. Pulido and J. Valen- 
cia, 1 pF (VZ 269-100); 20 km N of Maracay on Natl. Rt. 2, 800 m, 6 Aug 1969, J. Valencia, 1 
IpF (VZ 315-30) [UCLA]. Ocumare de la Costa, 10 m, 10 July 1969, J. Valencia and T. Zavor- 
tink, 4L (VZ 132) [UCLA]. Ocumare de la Costa, MAC Cacao Dispersion Center, 100 m, 10 July 
1969, J. Bergland, J. Pulido, J. Valencia and T. Zavortink, 3 lpM (VZ 139-15-17), 5 lpF (139-10- 
14), 2 IP (139-18,-19), 1M, 4F, 4P, 10L (139); 12 July 1969, J. Pulido and J. Valencia, 1 lpM (VZ 
177-30), 1 lpF (177-31), 1 lpM (VZ 179-21), 2 lp (179-20,-22), 2P, 4L (179), 2 IpM (VZ 180-20, 
-23), 2 IpF (180-21,-24), 1 pF (180-100), 1 lp (180-22), 1L (180), 1 IpF (VZ 184-20); 5 Aug 1969, 
J. Valencia, 1 pM (VZ 306-103), 1 pF (306-104), 3L (306), 3 pF (VZ 308-100-102), 1P, 6L (308) 
[UCLA]. Ocumare de la Costa, Rio Cumboto, 60 m, 28 July 1969, J. Pulido and J. Valencia, 1L 
(VZ 275), 1 pM (VZ 277-100) [UCLA]. Puerto Ocumare, near sea level, 10 July 1969, J. Berg- 
land and T. Zavortink, 2 lpM (VZ 133-20,-21), 1L (133) [UCLA]. Rancho Grande, 14 km NW of 
of Natl. Rt. 3, 500 m, 12 July 1969, J. Pulido and J. Valencia, 1 lpM (VZ 187-14), 1 IpF (187-13), 
1L (187), 1 lpM (VZ 189-12), 1 lpF (189-11), 1 IP (189-10), 2P, 7L (189), 3 lpM (VZ 190-11,-13, 
-14), 2 lpF (190-15,-16), 1 pM (190-100), 1 1P (190-10), 3 IpM (VZ 193-13,-15,-16), 5 IpF (193- 
10,-11,-14,-17,-21), 1 pM (193-100), 13P, 16L (193) [UCLA]. Rancho Grande, 16 km NW of on 
Natl. Rt. 3, 400 m, 5 Aug 1969, J. Valencia, 1 lpF (VZ 305-10), 4 pM (305-100-102,-104), 1 pF 
(305-103), 1 lp (305-30), 2M, 1F, 2P, 22L (305) [UCLA]. Turiamo, Sept 1944, 1M (VZK 31) 
[UCLA]. Carabobo: Borburata, 5 m, 24 July 1969, J. Pulido and J. Valencia, 4 lpM (VZ 264-10, 
-12-14), 2 IpF (264-11,-15), 1 pF (264-100), 2M, 1F, 4P, 7L (264) [UCLA]. Guigue, 500 m, 24 
July 1969, J. Pulido and J. Valencia, 1F, 1P (VZ 266), 1 pF (VZ 267-100) [UCLA]. Mariara, 420- 
450 m, 19 July 1969, J. Pulido and J. Valencia, 3 lpM (VZ 246-10,-11,-17), 5 IpF (246-12-16), 2F, 
2P, 2L (246), 1 IpF (VZ 247-10), 3L (247) [UCLA]. San Joaquin, 420 m, 19 July 1969, J. Pulido 
and J. Valencia, 1 lpM (VZ 249-10), 2 lpF (249-11,-14), 1 pM (249-102), 1 pF (249-101), 5 IP 
(249-12,-13,-15-17), 1P, 6L (249) [UCLA]. Monagas: Quiriquire, June 1935, 1Mgen [USNM]. 
NO DATA. 28 Dec 1933, J. Diaz, 1Mgen; 1L [USNM]. 


2. Culex (Anoedioporpa) canaanensis Lane & Whitman 
Figs. 12,26 


1943. Culex (Isostomyia) canaanensis Lane & Whitman 1943:398-400. TYPE: Holotype male 
(2692), Sao Joao de Petropolis, Vale do Canaa, Espirito Santo, Brazil, Apr or July 1940, 
L. Whitman [CPRR]. 
Culex (Anoedioporpa) canaanensis of Belkin (1968b:12); Belkin, Schick and Heinemann (1971: 
27); Xavier (1973: 160); Knight and Stone (1977:195). 
Culex (Isostomyia) canaanensis of Rozeboom and Komp (1948:400). 
Culex (Aedinus) canaanensis of Stone, Knight and Starcke (1959:281); Stone (1967:218). 
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Culex (Tinolestes) canaanensis of Lane (1953:396-398); Duret and Damasceno (1955:394,395). 
Culex canaanensis of Forattini, Rabello and Cotrim (1970:37). 


FEMALE. Not seen; description based on Lane and Whitman (1943:398-400). 
Similar to conservator, differing in the following. Head: Decumbent scales on ver- 
tex predominantly whitish. Palpus about 2.0 length of clypeus. Thorax: Mesonotal 
scales dark brown. Pleural integument blackish and greenish. Scales on upper mar- 
gin of ppn brown. 

MALE. Not seen. Similar to female in coloration. Palpus about 2.0 length of cly- 
peus. 

MALE GENITALIA (fig. 26). Not seen; description and figure based on Lane and 
Whitman (1943:398-400). As figured; diagnostic characters as in key. Segment IX: 
Tergite lobes small, moundlike, each with 6-10 short setae; interlobar space wide. 
Sidepiece: Roughly triangular in outline; length about 2.0 greatest width; tergal sur- 
face with longer bristles; sternal surface with shorter setae; tergal surface laterad of 
subapical lobe with a densely setose area. Lobe: Proximal division with a distinct 
stem, setose on under surface to basal 0.5 and bearing 2 rods with hooked tips, upper 
rod inserted at apex, lower slightly basad. Distal division distinct, with 1 large striat- 
ed submedian leaf and 1 smaller subapical leaf; apex with 4,5 short setae. Clasper: 
About 0.55 length of sidepiece, smoothly curved; | submedian and 1 subapical seta 
on inner surface. Lateral plate probably as in rest of Conservator Group. Proctiger: 
Paraproct with 6,7 blunt apical teeth. 

PUPA. Not seen; description based on Lane (1953:397). Cephalothorax: Integu- 
ment lightly pigmented. All hairs short. Trumpet: Strongly sclerotized, index about 
6.0. Abdomen: Integument lightly pigmented. Hair 1-II very small, weakly 
branched, distinguishable at 100X; hair 5-III moderately long, extending to middle 
of succeeding segment; 5-IV,V long, extending to apex of succeeding segment; 5-VI 
barely extending to apex of succeeding segment; 9-VII,VIII with 3-5 short branches. 
Paddle: Elongate, longer than wide, more than 2.0 of segment VIII. 

FOURTH INSTAR LARVA. Not seen; description based on Lane and Whitman 
(1943:400) and Lane (1953:397-398). Head: Width slightly greater than length. 
Hair 4-C single; 5-C with 3 branches; 9-C with 4 branches. Antenna: Length about 
0.5 of head, spiculose to hair 1-A; all hairs single except 1-A. Thorax: Hairs 1,2-P 
single; 3-P double; 4-P double. Segment VIII: Comb scales in a patch of several 
rows. Siphon: Long, index about 15.0. Integument strongly pigmented. Subven- 
tral hairs (1,1a-S) apparently 4 pairs; subdorsal hairs (2a-S) 2 pairs. Pecten barely ex- 
tending to proximal 0.2; individual tooth spinelike. Anal Segment: Integument 
strongly pigmented. Hair 1-X small, weakly branched; 2,3-X long, single. Gills short; 
ventral apparently shorter than dorsal. 

SYSTEMATICS. Culex canaanensis is distinguished from other members of the 
subgenus in the male genitalia by the combination of: (1) proximal division of sub- 
apical lobe setose on under surface to basal 0.5, (2) tergal surface of sidepiece laterad 
of subapical lobe with a densely setose area, and (3) distal division with 2 leaves mid- 
way on stem. Although the immature stages have been described (Lane and Whitman 
1943:398-400; Lane 1953:396-398), their structural details are poorly known. We 
have not seen any material of canaanensis, but it appears to be closely related to con- 
servator. 

The holotype of canaanensis, whose location has been unknown in the past, is 
now in the collection at the “‘Centro de Pesquisas Rene Rachou” [CPRR], Instituto 
de Endemias Rurais, Fundacao Instituto Oswaldo Cruz, Belo Horizonte, Minas Ger- 
ais, Brazil (Xavier 1973:160). 
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DISTRIBUTION (fig. 12). Culex canaanensis is known only from the type locali- 
ty in Espiritu Santo, southeastern Brazil. 

Material examined: none. 

BRAZIL. Espirito Santo: Sao Joao de Petropolis, Vale do Canaa, Apr or July 1940, L. Whit- 
man, holotype male (2692) [CPRR] ; Vale do Canaa, male paratype [FH, 3843]. Data from origi- 
nal description and Forattini, Rabello and Cotrim (1970:37). 


3. Culex (Anoedioporpa) damascenoi Duret 
Figs. 12,26 


1969. Culex (Anoedioporpa) damascenoi Duret 1969:143-145. TYPE: Holotype male, Rio 
Preto, Municipio de Joao Goulard, Amazonas, Brazil, 18 July 1964, J.P. Duret [Duret] . 

1971. Culex (Aedinus) menui Clastrier 1971:649-653. TYPE: Holotype male with pupal skin 
({FGC] 3612-30), Maripasoula, Inini, French Guiana, 24 Aug 1968, J. Clastrier [MNHP]. 
NEW SYNONYMY. 

Culex (Anoedioporpa) damascenoi of Stone (1970: 164); Belkin, Schick and Heinemann (1971:27); 

Knight and Stone (1977:196); Heinemann and Belkin (1978b:437). 
Culex (Aedinus) menui of Fauran and Pajot (1974: 102). 


FEMALE. Unknown. 

MALE. Not seen; description based on Duret (1969: 143-145). As described for 
the subgenus with the following additional features. Head: Palpus short, approxi- 
mately 3.0 length of clypeus. Decumbent scales on vertex narrow, grayish. Erect 
scales forked, dark brown. Thorax: Mesonotal integument chestnut gray. Pleural 
coloration mostly yellowish. Haltere with a pale stem; scales on knob dark. Abdo- 
men: Tergites with dark scales; sternites creamy. 

MALE GENITALIA (fig. 26). Not seen; figure and description based on Duret 
(1969: 143-145). As figured; diagnostic characters asin key. Segment IX: Tergite 
lobes indistinct, each with 4,5 fine setae; interlobar space wide. Sidepiece: Roughly 
conical; length about 2.0 greatest width; basotergal and lateral surfaces with scat- 
tered long bristles; sternal surface with shorter setae; tergal surface laterad of proxi- 
mal division with a large densely setose area. Lobe: Proximal division with a moder- 
ately long stem bearing 2 rods with hooked tip, upper rod inserted at apex, lower 
slightly basad. Distal division with | large subbasal leaf on stem; apex with a long fil- 
ament with recurved expanded tip on upper surface, 3 broad filaments with expand- 
ed apexes on upper angle, between these a shorter lanceolate seta. Clasper: About 
0.65-0.70 length of sidepiece, slightly bent mesad at distal 0.4; distal 0.3 of outer sur- 
face with many closely set spiculelike transverse ridges; 1 submedian and | subapical 
seta on inner surface. Lateral Plate: Basal hook sclerotized, strongly curved, bearing 
a few scattered denticles; apical process long, expanded distally; sternal spine short, 
pointed. Proctiger: Paraproct with a row of 6,7 blunt apical teeth. 

PUPA. Not seen; description based on that of menui by Clastrier (1971:65 1-653). 
Abdomen: 1.7-1.8 mm. Trumpet: 0.35 mm; index about 6.5-7.0. Paddle: 0.4 mm. 
Cephalothorax: Integument lightly pigmented, wing case slightly darker. Hairs 1,3- 
C single; 2-C double; 4,5-C double; 8,9-C single; 10-C triple. Trumpet: Strongly pig- 
mented and distinctly contrasting with cephalothorax. Abdomen: Integument mod- 
erately pigmented, progressively lighter caudad. Hair 1-II] extremely small, branched; 
4-VI short, double, cephalolaterad of 5-VI; hair 1-VI,VII single; 9-VIII with 5 branch- 
es. Paddle: Lightly pigmented, longer than wide, about 2.0 of segment VIII. Male 
genital lobe extending to 0.6 of paddle. 

LARVA. Unknown. 
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SYSTEMATICS. Culex damascenoi is known only by the holotype male. In the 
male genitalia it is distinguished from other members of the subgenus by the combi- 
nation of: (1) tergal surface of sidepiece laterad of subapical lobe with a large dense- 
ly setose area and (2) distal division of subapical lobe with only | enlarged leaf near 
middle of stem. We have not seen the type of damascenoi, but from the description 
and illustration it appears to be distinct, although closely related to conservator. 

We are also synonymizing Culex menui, described by Clastrier (197 1:649-653), 
with damascenoi. Although we have not seen the type material of menui, it is evi- 
dent that this species from French Guiana is conspecific with Culex damascenoi 
from Brazil, as the original description of menui obviously matches in all pertinent 
details the diagnostic characters of damascenoi. Culex menui is described from the 
holotype male with the associated pupal skin. The pupal features of damascenoi, 
therefore, are based on the description of menui Clastrier 1971. 

BIONOMICS. The immature stages of damascenoi are found in treeholes. Noth- 
ing is known about the behavior of the females. 

DISTRIBUTION (fig. 12). Culex damascenoi is presently known only from the 
state of Amazonas in Brazil and the territory of Inini in French Guiana. 

Material examined: none. 

BRAZIL. Amazonas: Rio Preto, Municipio de Joao Goulard, male [Duret; holotype of dama- 
SCEnOL| . 

nce GUIANA. Inini: Maripasoula, track to Wacapou near airfield, 100 m, 24 Aug 1968, 
J. Clastrier, male (FGC 3612-30) [MNHP, holotype of menui] ; Inini Experiment Station, adult 
(Fauran and Pajot 1974:102). 


4. Culex (Anoedioporpa) browni Komp 
Pigs: 12,16, 17 


1936. Culex (Isostomyia) browni Komp 1936:326-328. *TYPE: Holotype male with genitalia, 
Gatun, Canal Zone, Panama, 29 Nov 1933, C.G. Brown [USNM]. 

Culex (Anoedioporpa) browni of Belkin (1968b:12); Knight and Stone (1977:195); Heinemann 
and Belkin (1978a:183; 1978c:523). 

Culex (Anoedioporpa) sp undetermined of Heinemann and Belkin (1979:107). 

Culex browni of Galindo, Carpenter and Trapido (1955:159). 

Culex (Isostomyia) browni of Lane (1939:73); Rozeboom and Komp (1948:403); Galindo, Car- 
penter and Trapido (1951:102,104,105,108,110,111,126); Stone and Knight (1957:58). 

Culex (Aedinus) browni of Stone, Knight and Starcke (1959:281); Belkin, Schick and Heinemann 
(1965:55-56). 

Culex (Tinolestes) browni of Lane (1953:395-396); Duret and Damasceno (1955:395,400,404); 
Galindo and Blanton (1955:70). 


FEMALE. Wing: 2.9 mm. Proboscis: 2.1 mm. Forefemur: 1.75-1.80 mm. Abdo- 
men: about 2.2 mm. Essentially similar to conservator, differing in the following. 
Head: Decumbent scales on vertex predominantly white, a few median ones brown- 
ish. Erect scales on occiput brown. Palpus about 0.15 length of proboscis. Thorax: 
Scales on mesonotum predominantly brown, except for light scales on anterior prom- 
ontory and along anterior part of lateral prescutal area. Pleural integument yellow- 
ish to faintly green. Scales on upper margin of ppn white; antealar area above para- 
tergite with white scales; lower mep with a bristle. 

MALE. Wing: 2.9 mm. Proboscis: 2.25 mm. Forefemur: 1.8 mm. Similar to fe- 
male in general coloration. Palpus about 0.15 length of proboscis, 

MALE GENITALIA (fig. 16). As figured; diagnostic characters as in key. Seg- 
ment IX: Tergite lobes small, moundlike, each with 7,8 short, fine subbasal setae; 
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interlobar space wide. Sidepiece: Roughly conical; length about 2.0 of greatest 
width; lateral surface with longer bristles and a few scales; sternal surface predomi- 
nantly with shorter setae, long bristles restricted to apical half; tergal surface basad 
of lobe with a densely setose, swelling boss; scattered short setae basad of boss. 
Lobe: Proximal division with a moderately long stem; with enlarged apex bearing 2 
rods with hooked tip, upper rod inserted at apex, lower slightly basad. Distal divi- 
sion distinct, with a short lanceolate seta midway on stem; 4 subapical lanceolate se- 
tae on lower surface; apex with a long filament with a recurved expanded tip on up- 
per surface, a pointed leaf and a lanceolate filament on upper angle, between these 2 
short foliaceous setae with pointed apexes. Clasper: About 0.65-0.70 length of side- 
peice, strongly curved at middle; distal 0.4 of outer surface with many closely set 
spiculelike transverse ridges; 2 subapical setae on inner surface. Lateral Plate: Basal 
hook sclerotized, strongly curved, bearing a few scattered denticles; apical process 
distinct, moderately long, expanded at tip; sternal spine short, pointing laterad. 
Proctiger: Cercal sclerite broad basally, apex hooked and pointing basad; cercal setae 
absent. Paraproct with a row of 6,7 blunt apical teeth. 

PUPA (fig. 16). Abdomen: 2.0-2.2 mm. Trumpet: 0.38-0.43 mm; index about 
5.5-6.5. Paddle: 0.55-0.60 mm. As figured; diagnostic characters asin key. Cephalo- 
thorax: Integument lightly pigmented. Hairs 1,3-C single; 2-C double; 4-C double; 
5-C usually triple; 6-C single; 7-C double; 8,9-C always single; 10-C at least 3-branched 
(3-5). Trumpet: Very strongly pigmented and strongly contrasting with cephalo- 
thorax. Abdomen: Integument lightly pigmented. Hair 1-II short, weakly branched, 
readily distinguishable at 100X; hair 7-II usually single; 4-VI short, weakly branched, 
cephalolaterad of 5-VI; hair 1-VI,VII single; 9-VII usually 5-branched (3-5); hair 9- 
VIII usually 6-branched (4-7). Paddle: Lightly pigmented, longer than wide, about 
2.0 of segment VIII. Male genital lobe extending to 0.50 and female to 0.25 of 
paddle. 

FOURTH INSTAR LARVA (fig. 17). Head: 0.90-0.95 mm. Siphon: 2.0-2.1 mm; 
index 13.0-14.0. Anal Saddle: 0.4 mm. As figured; diagnostic characters as in key. 
Head: Width subequal to length. Hair 4-C usually single (1,2); hair 5-C usually with 
5 branches (4-6); hair 9-C usually with 6 branches (5-8); hair 14-C single; 15-C usual- 
ly double (2,3), short, not extending to base of mental plate. Mental plate with a 
strong median shouldered tooth and 8,9 distinct teeth on either side. Antenna: 
Length about 0.5 of head, distinctly spiculose to hair 1-A; all hairs single except 1-A 
(13,12-14). Thorax: Hair O-P short, weak, with dendritic branches; 1,2-P long, sin- 
gle; 3-P moderately long, about 0.4 of 1-P, usually triple (2-4); hair 4-P usually dou- 
ble (2,3); hairs 5,6-P long, single; 7-P usually double (1-3); hair 14-P small, single; 4- 
M double or triple. Abdomen: Hair 3-I double or triple; 6-I with 4 branches (3,4); 
hair 7-I single; 6-II long, longer than segment, usually triple (2-4); hair 6-III-V longer 
than segment, double; 1-V long, single. Segment VIII: Comb scales in a patch of 3,4 
irregular rows, about 39-50 in number; individual scale with fringed apex. Siphon: 
Integument lightly pigmented, darker basally and with a narrow dark basal ring. Sub- 
ventral hairs (1,1a-S) 4 pairs, proximal 2 pairs long and single, distal 2 small and 
branched; subdorsal hairs (2a-S) 2 pairs, short, located in distal 0.2 of siphon. Pecten 
extending barely to proximal 0.2; individual tooth long, pointed apically, with a sub- 
basal denticle ventrally. Anal Segment: Integument moderately pigmented, slightly 
imbricate. Hair 1-X short, weakly branched; 2,3-X long, single. Gills long; dorsal 2.0- 
2.5 length of saddle; ventral shorter, subequal to length of saddle. 

SYSTEMATICS. Culex browni can be distinguished from other members of the 
Conservator Group by the combination of the following: in the male genitalia by 
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(1) densely setose area on tergal surface of sidepiece basad of subapical lobe in form 
of a swelling boss and (2) a lanceolate seta midway on stem of distal division of sub- 
apical lobe; in the pupa by (1) hair 1-VI,VII single and (2) hair 5-III single or double; 
in the larva by (1) hair 1-V long, single and (2) gills long, dorsal pair about 2.0-2.5 
length of saddle. 

The record of browni from Ecuador is somewhat doubtful, since it is based only 
on 2 larvae collected in Napo Province (Amazon drainage). However, the larval fea- 
tures agree very well with those of the type population from Panama. 

BIONOMICS. The immature stages of browni have been collected in bamboo, 
treeholes and occasionally artificial containers including bamboo pots. They are 
found in bamboo traps near ground level and in the forest canopy (Galindo, Carpen- 
ter and Trapido 1951:126-127). Females of browni are not known to bite man, and 
males are only occasionally found in light trap collections (Galindo and Blanton 
1935270), 

DISTRIBUTION (fig. 12). Culex browni is known to occur in Panama (Canal 
Zone, Darien), Colombia (Caribbean, Pacific and Orinoco drainages) and Ecuador 
(Amazon drainage). It is the only species of Anoedioporpa known from the Pacific 
side of the Andes in South America, being found as far south as the department of 
Valle del Cauca in Colombia. It has been collected from near sea level to about 600 
m above sea level. 

Material examined: 234 specimens; 34 males, 24 females, 71 pupae, 105 larvae; 
66 individual rearings (39 larval, 17 pupal, 10 incomplete). 

COLOMBIA. Antioquia: Zaragoza, 22 km W, 18 Dec 1970, C.H. Porter, 1 pM (COP 193-10) 
[UCLA]. Meta: Villavicencio, Bosque Ocoa, Apiary Rd., 23 Apr 1948, 1 lp (CV 571-2) [UCLA]. 
Valle del Cauca: Buenaventura, Rio Raposo, R.F. Virus Field Station, 30-40 m, 9 Dec 1964, V.H. 
Lee, 1 IpF (COL 35-16), 8L (35); 13 Jan 1965, V.H. Lee, 1 lpM (COL 36-10), 1 IpF (36-11), 4 pM 
(COL 37-12-15), 3 IpF (37-10,-18,-19), 1 pM (37-100), 2 IP (37-11,-17), 4L (37), 3 lpM (COL 40- 
20,-22,-23), 1 IpF (40-21), 1 IP (40-24); 27 Jan 1965, V.H. Lee, 1 pM (COL 45-100), 2 lpM (COL 
48-10,-11); near mouth of Rio Raposo, less than 10 m, 23 Feb 1965, V.H. Lee, 1M, 1P (COL 56); 
Rio Raposo, R. F. Virus Field Station, 30-40 m, 19 Jan 1966, V.H. Lee, 1 lpM (COL 146-22), 2 
pM (146-100,-102), 2 pF (146-101,-103), 2 pM (COL 147-103,-104), 3 pF (147-100-102), 2 IpM 
(COL 148-10,-14), 4 lpF (148-11,-12,-15,-16), 1L (148); 23 Mar 1966, V.H. Lee, 1 IP (COL 149- 
12), 15L (149), 3 IpM (COL 150-13-15), 1 IpF (150-11), 1 Ip (150-16), 2 pM (150-101,-102), 2 IP 
(150-10,-12), 1M (150-100), 17L (150), 1 IpF (COL 151-12), 1 pF (151-100) [UCLA]. 

ECUADOR. Napo: Cuyabeno, about 50 km W of, Tarapoa, 300 m, 26 May 1974, D.J. Pletsch, 
2L (ECU 212) [UCLA]. 

PANAMA. Canal Zone: Gatun, 29 Nov 1933, C.G. Brown, M [USNM, holotype]. Darien: 
Morti, Morti Hydro, 80 m, 7 Dec 1966, O.G.W. Berlin and R. Hinds, 1 pF (PA 989-100) [UCLA]. 
Rio Tacarcuna valley, 600 m, 14 June 1963, A. Quinonez, 6 lpM (PA 387-103,-107,-108,-111,-114, 
-116), 6 IpF (387-106,-109,-110,-112,-113,-115), 3 lp (387-101,-102,-104), 7L (387); 24 June 1963, 
A. Quinonez, 2 p (PA 420-103,-105) [UCLA]. Province not specified: Cerro Sete, 2 Apr 1946, P. 
Galindo, 1M, 1F [USNM]. Santa Clara, La Venta, 9 Apr 1943, 1F [USNM]. 


5. Culex (Anoedioporpa) bamborum Rozeboom & Komp 
Figs, 12,168.19 


1948. Culex (Isostomyia) bamborum Rozeboom & Komp 1948:399-400. *TYPE: Holotype 
male with associated pupal and larval skins and genitalia ({CV] 404), Acacias, Meta, Co- 
lombia, 3 June 1947, L.E. Rozeboom [USNM]. 

Culex (Anoedioporpa) bamborum of Belkin (1968b:12); Knight and Stone (1977:195). 

Culex (Aedinus) bamborum of Stone, Knight and Starcke (1959:281); Belkin, Schick and Heine- 

mann (1965:10). 
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Culex (Isostomyia) bamborum of Stone and Knight (1957:58). 
Culex (Tinolestes) bamborum of Lane (1953:399-400); Rozeboom and Komp (1955:395,400,407). 


FEMALE. Wing: 2.4 mm. Proboscis: 1.7 mm. Forefemur: 1.5 mm. Abdomen: 
about 1.6 mm. Essentially similar to conservator, differing in the following. Head: 
Decumbent scales on vertex white. Erect scales on occiput light brown. Palpus 
about 0.13-0.14 length of proboscis. Thorax: Scales on mesonotum predominantly 
brown, except for light ones on anterior promontory and along anterior part of later- 
al prescutal area. Pleural integument smoky bluish gray. Scales on ppn white; ante- 
alar area above paratergite with white scales; lower mep with a single bristle. 

MALE. Wing:2.4 mm. Proboscis: 1.8 mm. Forefemur: 1.5 mm. Similar to fe- 
male in general coloration. Palpus about 0.14 length of proboscis. 

MALE GENITALIA (fig. 18). As figured; diagnostic characters asin key. Seg- 
ment IX: Tergite lobes small, moundlike, each bearing 6-8 fine subbasal setae; inter- 
lobar space wide. Sidepiece: Roughly conical; length about 2.0-2.3 of greatest 
width; lateral surface with long bristles; sternal surface with shorter setae. Lobe: 
Distinct swollen boss proximad of subapical lobe, clothed with fine setae in promi- 
nent tubercles, and with 2-4 specialized, enlarged, foliaceous setae near upper angle. 
Proximal division with a moderately long stem bearing 2 rods with hooked tips, up- 
per rod inserted at apex, lower slightly basad. Distal division with 1 submedian en- 
larged leaf and 4 subapical broad filaments; apex with a long filament with a recurved 
expanded tip on upper surface, a slender leaf on upper angle, between these a lanceo- 
late seta and a pointed seta. Clasper: About 0.50-0.55 length of sidepiece, distal 
half strongly curved mesad; distal 0.3 of outer surface with many closely set spicule- 
like transverse ridges; 1 submedian and 1 subapical seta on inner surface. Lateral 
Plate: Basal hook sclerotized, strongly curved, bearing a few scattered denticles; api- 
cal process moderately long, expanded apically and truncate; sternal spine short, 
pointed mesad. Proctiger: Cercal sclerite long, attenuated distally, digitiform, and 
with a smaller subbasal pointed sternal process; usually one cercal seta. Paraproct 
with a row of 9-12 blunt apical teeth and a few fine hairs. 

PUPA (fig. 18). Abdomen: 2.2-2.5 mm. Trumpet: 0.45-0.50 mm; index about 
8.0-9.0. Paddle: 0.5-0.6 mm. As figured; diagnostic characters asin key. Cephalo- 
thorax: Integument moderately pigmented, wing case slightly darker. Hairs 1,3-C 
single; 2-C double; 4,5-C double; 6-C single; 7-C double; 8,9-C single; 10-C usually 2- 
4-branched. Trumpet: Very strongly pigmented and strongly contrasting with ceph- 
alothorax. Abdomen: Integument moderately pigmented, progressively lighter cau- 
dad. Hair 1-II extremely small, rarely visible at 100X; hair 7-I] usually single, rarely 
double; 4-VI short, weakly branched, cephalolaterad of 5-VI; hair 1-VI,VII single; 9- 
VII at least 4-branched (4-6); hair 9-VIII with 6 branches. Paddle: Lightly pigment- 
ed, longer than wide, about 2.0 of sigment VIII. Male genital lobe extending to 0.4- 
0.5 and female to 0.3 of paddle. 

FOURTH INSTAR LARVA (fig. 19). Head: 0.8 mm. Siphon: 1.5-2.1 mm; index 
25.0-27.0. Anal Saddle: 0.25 mm. As figured; diagnostic characters as in key. 

Head: Width about 1.1 of length. Hair 4-C usually single; 5-C usually with 4 branch- 
es (4,5); hair 9-C usually with 5 weak branches (5,6); hair 14-C single; 15-C single or 
double, short, not extending to base of mental plate. Mental plate with a strong me- 
dian shouldered tooth and 8,9 distinct teeth on either side. Antenna: Length about 
0.5 of head, distinctly spiculose to hair 1-A; all hairs single except 1-A (15,12-18). 
Thorax: Hair O-P short, weak, with dendritic branches; 1,2-P long, single; 3-P moder- 
ately long, about 0.5 of 1-P, double; 4-P long, double; 5,6-P single; 7-P double; 14-P 
small, single; 4-M double. Abdomen: Hair 3-I triple; 6-I usually with 3,4 branches; 
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7-I single; 6-II long, triple; 6-III-V moderately long, subequal to or slightly longer 
than segment; 1-V long, single. Segment VIII: Comb scales in a patch of 3,4 irregu- 
lar rows, about 64-69 in number; individual scale slightly spatulate, with fringed 
apex. Siphon: Integument lightly pigmented, darker basally and with a narrow dark 
basal ring. Subventral hairs (1,la-S) 4 pairs, distal ones small; subdorsal hairs (2a-S) 
2 pairs, located in distal 0.2 of siphon. Pecten extending barely to proximal 0.16; in- 
dividual tooth long, pointed apically, without lateral denticles. Anal Segment: Inte- 
gument moderately to strongly pigmented, lightly imbricate. Hair 1-X short, weakly 
branched; 2,3-X long, single. Gills variable, usually long; dorsal 1.5-2.0 length of sad- 
dle; ventral subequal to length of saddle. 

SYSTEMATICS. Culex bamborum can be distinguished from all other species of 
Anoedioporpa in the male genitalia by the combination of: (1) setose area on side- 
piece in form of a swollen boss proximad of subapical lobe, (2) 2-4 specialized, en- 
larged, foliaceous setae on boss, and (3) enlarged leaf midway on stem of distal divi- 
sion of lobe; in the pupa by (1) hair 1-I] extremely small, rarely visible at 100 X and 
(2) moderately long trumpet with an index of about 8.0-9.0; and in the larva by ex- 
tremely long siphon with index more than 25.0. 

BIONOMICS. The immature stages of bamborum have been collected only in un- 
cut bamboo internodes perforated by holes bored by insects. Little is known about 
the behavior of females. 

DISTRIBUTION (fig. 12). Culex bamborum is presently known only from the 
department of Meta (Orinoco drainage) in Colombia at moderate elevations (about 
400-500 m). 

Material examined: 38 specimens; 9 males, 4 females, 7 pupae, 11 larvae; 6 indi- 
vidual rearings (2 larval, 4 incomplete). 

COLOMBIA. Meta: Acacias, 3 June 1947, L.E. Rozeboom, | lpM ({[CV] 404-1), 1 IpF ({CV] 
404-7) [USNM, type series]. Villavicencio area, 1944, M. Bates, 2p, 1M, 1F (CV 65-1), 21(65-1A), 
IM, 2F (65), 1 IM (CV 73-1) [UCLA]. Villavicencio, Bosque Ocoa, 22 July 1948, 1Mgen (CV 
589-105), 3 lp (CV 590-1,-3,-4); 19 Aug 1948, M. Bates, 3L (CV 1008) [UCLA]. Villavicencio, 
Bosque San Jose, 16 June 1944, M. Bates, 2M (CV 102) [UCLA]. Villavicencio, San Martin Rd., 
Chichimene, 11 Aug 1947, 1Mgen (CV 468-2), 1Mgen (CV 469-6) [UCLA]. 


6. Culex (Anoedioporpa) belemensis Duret & Damasceno 
Figs, 12,26 


1955. Culex (Tinolestes) belemensis Duret & Damasceno 1955:404-407. TYPE: Holotype male, 
Belem, Para, Brazil, 19 Aug 1953, R.G. Damasceno and J.P. Duret [Duret] . 
Culex (Anoedioporpa) belemensis of Belkin (1968b:12); Belkin, Schick and Heinemann (1971:27); 
Xavier and Mattos (1975:245); Knight and Stone (1977:195). 
Culex (Aedinus) belemensis of Stone, Knight and Starcke (1959:281); Fauran and Pajot (1974: 
102). 
Culex (Tinolestes) belemensis of Fauran (1961b:48). 


FEMALE. Unknown, but presumably similar to male in general features. 

MALE. Not seen; description based on Duret and Damasceno (1955:404-407). 
Essentially similar to conservator, differing in the following. Head: Decumbent 
scales on head grayish white. Erect scales on occiput brown. Palpus about 2.0 length 
of clypeus. Thorax: Mesonotal scales brown. Pleural integument greenish yellow. 
Scales on upper margin of ppn brown. 

MALE GENITALIA (fig. 26). Not seen; description and figure based on Duret 
and Damasceno (1955:406-407). Diagnostic characters as in key. Segment IX: Ter- 
gite lobes distinct, moundlike, each with 8-12 submedian setae; interlobar space wide. 
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Sidepiece: Roughly oval in outline; length about 1.5 of greatest width; tergal surface 
of sidepiece caudad of lobe with scattered short setae. Lobe: Proximal division with 
a moderately long stem bearing 2 rods with hooked tip, upper rod inserted at apex, 
lower slightly basad. Distal division distinct, with 1 submedian and | subapical leaf; 
apex with a long filament with recurved tip and a short seta on upper surface, 3 
broad filaments on upper angle, between these a moderately long lanceolate seta. 
Clasper: About 0.65 length of sidepiece, smoothly curved mesad; distal 0.3 of outer 
surface with many closely set spiculelike transverse ridges; 2 subapical setae on inner 
surface. Lateral Plate: Basal hook sclerotized, strongly curved; apical process mod- 
erately long, expanded at tip; sternal spine short, slightly hooked. Proctiger: Cercal 
setae indistinct. Paraproct with 8,9 blunt apical teeth. 

PUPA, LARVA. Unknown. 

SYSTEMATICS. Culex belemensis is known only by the holotype male. In the 
male genitalia, belemensis is readily separated from all other members of the subge- 
nus by the combination of: (1) absence of a densely setose area on the sidepiece 
proximad of subapical lobe, (2) 2 distinct leaves on stem of distal divison of lobe, 
and (3) moundlike IX tergite lobes. We have not seen the type, but from the original 
description it appears to be distinct although closely related to conservator. 

BIONOMICS. The immature stages of belemensis are unknown, but like other 
members of the subgenus they should be found in treeholes and/or bamboo. The 
holotype male was presumably taken in a sweeping collection from a tree trunk. 
Nothing is known about the behavior of females. 

DISTRIBUTION (fig. 12). Culex belemensis is known only from Belem, Para, 
Brazil at low elevations and the interior of French Guiana. 

Material examined: none. 

BRAZIL. Para: Belem, 19 Aug 1953, R.G. Damasceno and J.P. Duret, 1M (Br.15,E.10) [Duret, 
holotype]. 

FRENCH GUIANA. Inini: Experiment station (Fauran and Pajot 1974:102). 


7. Culex (Anoedioporpa) chaguanco Casal, Garcia & Fernandez 
Figs. 12,20,21 


1968. Culex (Aedinus) chaguanco Casal, Garcia & Fernandez 1968:217-218. TYPE: Holotype 
male (GA[=ARG]| 616-16) with associated larval and pupal skins and genitalia slide, 7 km 
from Tablillas, nearest town Vespucio, Dep. San Martin, Salta, Argentina, 25 Feb 1967, 
O.H. Casal and M. Garcia [INM]. 

Culex (Anoedioporpa) chaguanco of Stone (1970:164); Knight and Stone (1977:195). 


FEMALE. Wing: 3.3 mm. Proboscis: 2.2 mm. Forefemur: 2.1mm. Abdomen: 
about 2.2 mm. Similar to conservator, differing in the following. Head: Decumbent 
scales on vertex mainly white, median ones brown. Erect scales on occiput dark 
brown. Palpus about 0.16 length of proboscis. Thorax: Scales on mesonotum pre- 
dominantly brown except for light scales on anterior promontory and anterior part 
of lateral prescutal area. Pleural integument yellowish greenish. Scales on upper 
margin of ppn brown. Antealar area above paratergite with white scales; lower mep 
with a bristle. 

MALE. Wing: 3.3 mm. Proboscis: 2.3 mm. Forefemur: 2.1 mm. Essentially sim- 
ilar to female in coloration. Palpus about 0.16 length of proboscis. 

MALE GENITALIA (fig. 20). As figured; diagnostic characters as in key. Seg- 
ment IX: Tergite lobes distinct, moundlike, each with 4,5 subapical setae. Side- 
piece: Roughly conical; length about 2.0 of greatest width; lateral surface with mod- 
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erately long bristles; sternal surface with shorter setae. Lobe: Proximal division with 
long stem bearing 2 narrow rods with hooked tip, upper rod-inserted at apex, lower 
slightly basad. Distal division distinct, with a large striated leaf midway on stem, a 
smaller bent subapical leaf and 4 apical setae. Clasper: About 0.50 length of side- 
piece, stout, slightly curved at middle and enlarged distally; distal 0.3 of outer sur- 
face with closely set spiculelike transverse ridges; 2 subapical setae on inner surface. 
Lateral Plate: Basal hook sclerotized, strongly curved; apical process long; sternal 
spine short, slightly hooked. Proctiger: Apex of cercal sclerite digitiform; cercal se- 
tae 1 or 2. Paraproct with a row of 6,7 blunt apical teeth. 

PUPA (fig. 20). Abdomen: 2.3-2.4mm. Trumpet: 0.45 mm; index about 6.0. 
Paddle: 0.55 mm, As figured; diagnostic characters as in key. Cephalothorax: Inte- 
gument moderately pigmented, wing case slightly darker. Hairs 1-3-C usually single; 
4-7-C double; 8,9-C usually single; 10-C at least 2-branched (2-4). Trumpet: Very 
strongly pigmented and strongly contrasting with cephalothorax. Abdomen: Integu- 
ment moderately pigmented, progressively lighter caudad. Hair 1-I] short, weakly 
branched, readily distinguishable at 100X; hair 7-II single or double; 4-VI short, 
weakly branched, cephalomesad of 5-VI; hair 1-VI usually double; 1-VII single; 9-VII 
usually triple (2-4); hair 9-VIII with 5 branches (4-7). Paddle: Lightly pigmented, 
longer than wide, about 2.0 of segment VIII. Male genital lobe extending to 0.5 and 
female to 0.3 of paddle. 

FOURTH INSTAR LARVA (fig. 21). Head: 0.90-0.95 mm. Siphon: 2.1-2.2 mm; 
index 18.0-19.0. Anal Saddle: 0.35 mm. As figured; diagnostic characters as in key. 
Head: Width about 1.1 of length. Hair 4-C usually single (1,2); hair 5-C usually with 
4 branches (4,5); hair 9-C short, with 6,7 weak branches; 14-C single; 15-C usually 
with 3 branches (2-4), short, not extending to base of mental plate. Mental plate 
with a strong median shouldered tooth and 7 distinct teeth on either side. Antenna: 
Length about 0.5 of head, distinctly spiculose to hair 1-A; all hairs single except 1-A 
(18,16-21). Thorax: Hair 0-P short, weak, with dendritic branches; 1 ,2-P long, sin- 
gle; 3-P long, about 0.5 of 1-P, usually single (1,2); hair 4-P double; 5,6-P single; 7-P 
double; 14-P small, single; 4-M double. Abdomen: Hair 3-I usually double (2,3); 
hair 6-I usually with 4 branches (3-5); hair 7-I single; 6-II moderately long, subequal 
to segment, usually with 3 branches (2-4); hair 6-III-V moderately long, shorter than 
segment; 1-V long, single. Segment VIII: Comb scales in a patch of 3,4 irregular 
rows, 48-63 in number; individual scale short, with fringed apex. Siphon: Integu- 
ment moderately pigmented, darker basally and with a narrow dark ring. Subventral 
hairs (1,la-S) 5 pairs, progressively smaller distad; subdorsal hairs (2a-S) 2 pairs, lo- 
cated in distal 0.25 of siphon. Pecten extending barely to proximal 0.25; individual 
tooth long, pointed apically, without denticles. Anal Segment: Integument strongly 
pigmented, slightly imbricate. Hair 1-X short, weakly branched; 2,3-X long, single. 
Gills usually short; dorsal subequal to length of saddle; ventral about 0.6 of dorsal. 

SYSTEMATICS. Culex chaguanco can be readily separated from other members 
of the subgenus in the male genitalia by the combination of: (1) absence of setose 
area on sidepiece proximad of subapical lobe, (2) 1 enlarged leaf midway on stem of 
proximal division of lobe, and (3) short stout clasper; in the pupa by the combina- 
tion of: (1) shorter trumpet with an index of less than 7.0, (2) hair 1-VII single, and 
(3) hair 1-VI usually double; and in the larva by the combination of: (1) hair 1-V 
long and single, (2) short gills, dorsal pair subequal to length of saddle, and (3) 5 
pairs of subventral hairs (1,1a-S) on siphon. 

Culex chaguanco was described from northern Argentina, and its distribution ap- 
parently represents the southern limit of Anoedioporpa. 
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BIONOMICS. The immature stages of chaguanco have been collected in treeholes, 
where they were associated with Aedes (Pro.) terrens (Walker 1856) and Aedes (Pro.) 
casali Schick 1970. All the known adults were reared from immatures, and nothing 
is known about the behavior of females. 

DISTRIBUTION (fig. 12). Culex chaguanco is presently known from the prov- 
inces of Salta and Misiones in northern Argentina. 

Material examined: 42 specimens; 3 males, 8 females, 11 pupae, 20 larvae; 11 indi- 
vidual rearings (3 larval, 8 pupal). 

ARGENTINA. Misiones: San Pedro, Route 14, Km 327, 13 Feb 1966, O.H. Casal and M. Gar- 
cia, 1 lpF (ARG[=GA] 143-11), 11 (143-10), 1L (143) [UCLA]. Salta: Dep. San Martin, nearest 
town Vespucio, 7 km from Tablillas, 25 Feb 1967, O.H. Casal and M. Garcia, 1 lpF (ARG[=GA] 
616-10, paratype), 1 lpM (616-11, paratype), 1 pF (ARG[=GA] 618-115), 1SL (618); 6 June 1969, 
O.H. Casal and M. Garcia, 2 pM (ARG[=GA] 773-104,-112), 5 pF (773-100,-101,-107,-108,-111) 
[UCLA]. | 


8. Culex (Anoedioporpa) originator Gordon & Evans 
Figs, 12.22.23 


1922. Culex originator Gordon & Evans 1922:323-327. *TYPE: Lectotype male (13.2/463) 
with genitalia on 2 slides, Macapa, Manaos (Manaus), Amazonas, Brazil, 21 Dec 1921 
(emerged 1 Jan 1922), R.M. Gordon [BM; designation of Belkin 1968b:18]. 

1941. Culex (Melanoconion) surukumensis Anduze 1941a:833-834. TYPE: male, Rio Surukum, 
Bolivar, Venezuela, Nov 1940, P.J. Anduze, [DPFA]. NEW SYNONYMY. 

Culex (Anoedioporpa) originator of Bonne and Bonne-Wepster (1925:260,264); Belkin (1968b:12, 
18); Belkin, Schick and Heinemann (1971:27); Xavier and Mattos (1975:246); Belkin and Hei- 
nemann (1976:272); Knight and Stone (1977:196); Knight (1978:41); Heinemann and Belkin 
(1978b:393 407,437; 1979:80,94). 

Culex (Isostomyia) originator of Edwards (1932:218); Senevet and Abonnenc (1939:112-114,130, 
133); Lane (1939:74); Floch and Abonnenc (1942:9; 1947:7,8); Lane and Whitman (1943: 
397); Rozeboom and Komp (1948:403). 

Culex (Aedinus) originator of Dyar (1923b:189); Stone, Knight and Starcke (1959:282); Stone 
(1963:135); Forattini (1 965:27). 

Culex (Melanoconion) originator of Dyar (1928:346-347); Lima (1930:255); Komp (1935:10). 

Culex (Tinolestes) originator of Lane (1953:394); Duret and Damasceno (1955:394,395-397,407); 
Fauran (1961b:43-44); Cerqueira (1961:131-132). 

Culex originator of Kumm and Novis (1937:501,511); Fauran (1961a:12-13); Aitken, Spence et al. 
(1969:210); Forattini, Rabello and Cotrim (1970:45; 1973:468). 

Culex (Melanoconion) surukumensis of Anduze (1941b:16). 

Culex (Aedinus) surukumensis of Belkin, Schick and Heinemann (1965:75). 

Culex (Aedinus) conservator in part of Stone, Knight and Starcke (1959:281); Cova Garcia, Sutil 
and Rausseo (1966b:342-343). _ 

Culex (Anoedioporpa) conservator in part of Knight and Stone (1977:196). 

Culex (Isostomyia) conservator of Senevet and Quievreaux (1941:264). 


FEMALE. Wing: 2.6 mm. Proboscis: 1.9mm. Forefemur: 1.6 mm. Abdomen: 
about 2.0 mm. Essentially similar to conservator, differing in the following. Head: 
Decumbent scales on vertex predominantly white, a few median ones brownish. 
Erect scales on occiput brown. Palpus about 0.15 length of proboscis. Thorax: 
Scales on mesonotum predominantly dark brown, except for light scales on anterior 
promontory and along anterior part of lateral prescutal area. Scales on upper margin 
of ppn brownish. Lower mep area with a single bristle. Antealar area above parater- 
gite with scattered white scales. 

MALE. Wing: 2.5 mm. Proboscis: 2.1mm. Forefemur: 1.8 mm. Similar to fe- 
male in general coloration. Palpus about 0.15 length of proboscis. 
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MALE GENITALIA (fig. 22). As figured; diagnostic characters as in key. Seg- 
ment IX: Tergite lobes small, moundlike, each with 5,6 short subapical setae; inter- 
lobar space wide. Sidepiece: Roughly oval in outline; length about 2.0 of median 
width; tergal surface laterad of distal division of lobe with 2 patches of bristles: an 
inner patch of 10-12 moderately long setae and an outer lateral group of 9-12 long 
bristles; sternal surface with short setae. Lobe: Proximal division with a long stem, 
setose in basal 0.5, bearing 2 distinctly separated rods with hooked tip, upper rod in- 
serted at apex, lower basad. Distal division distinct, with a moderately long subbasal 
seta on stem; apex bilobed, proximal lobe with a long filament with an expanded re- 
curved tip, a foliform seta with expanded tip and a short lanceolate seta, and distal 
lobe with 1 longer and 1 shorter foliform seta with expanded apex. Clasper: About 
0.70 length of sidepiece, sharply bent mesad at middle; distal 0.3 of outer surface 
with spiculelike transverse ridges; 2 submedian setae on inner surface. Lateral Plate: 
Basal hook sclerotized, strongly curved, bearing distinct denticles; apical process 
moderately long, digitiform, pointing caudolaterad; sternal spine short, pointed. 
Proctiger: Cercal sclerite short, broad, apex sharply pointed. Paraproct with 11-13 
blunt apical teeth; subapical area densely setose. 

PUPA (fig. 22). Abdomen: 2.2-2.4 mm. Trumpet: 0,35-0.40 mm; index about 
5.5-6.0. Paddle: 0.55-0.60 mm. As figured; diagnostic characters as in key. Ceph- 
alothorax: Integument lightly pigmented. Hairs 1,3-C single; 2,4,5,7-C double; 6-C 
single; 8,9-C usually single; 10-C at least double (2-9). Trumpet: Strongly pigment- 
ed and strongly contrasting with cephalothorax. Abdomen: Integument lightly pig- 
mented. Hair 1-II short, weakly branched, readily distinguishable at 100X; hair 7-I] 
usually single; 5-III single or double; 4-VI shorter, weakly branched, cephalolaterad 
of 5-VI; hair 1-VI,VII always single; 9-VII with 3,4 branches; 9-VIII usually 5- 
branched (4-6). Paddle: Lightly pigmented, longer than wide, about 2.0 of segment 
VIII. Male genital lobe extending to 0.50 and female to 0.25 of paddle. 

FOURTH INSTAR LARVA (fig. 23). Head: 0.85-0.90 mm. Siphon: 1.3-2.0 mm; 
index 15.0-20.0. Anal Saddle: 0.35 mm. As figured; diagnostic characters as in key. 
Head: Width about 1.1 of length. Hair 4-C usually double (1,2); hair 5-C usually 
with 5 branches (4-7); hair 9-C usually with 7 branches (5-9); hair 14C single; 15-C 
usually with 3 branches (2-4). Mental plate with a strong median shouldered tooth 
and 7,8 distinct teeth on either side. Antenna: Length about 0.5 of head, distinctly 
spiculose to hair 1-A; all hairs single except 1-A (14,10-16). Thorax: Hair O-P short, 
weak, with dendritic branches; 1,2-P long, single; 3-P moderately long, about 0.5 of 
1-P, usually with 4 branches (3-5); hair 4-P usually triple (2,3); hairs 5-7-P usually 
single; 14-P small, single; 4-M usually with 3 branches (3,4). Abdomen: Hair 3-I usu- 
ally single (1-3); hair 6-I usually with 4 branches (3,4); hair 7-I single; 6-I] moderately 
long, subequal to segment, usually triple (2-4); hair 6-III-V longer than segment; 1-V 
long, single. Segment VIII: Comb scales in a patch of 3,4 irregular rows, about 32- 
44 in number; individual scale with spatulate fringed apex. Siphon: Integument 
moderately pigmented, darker basally and with a narrow dark basal ring. Subventral 
hairs (1,la-S) 4 pairs, progressively smaller distad; subdorsal hairs (2a-S) 2 pairs, 
short, located in distal third of siphon. Pecten extending barely to proximal 0.2; in- 
dividual tooth long, pointed apically, with denticles up to basal 0.5. Anal Segment: 
Integument moderately pigmented, slightly imbricate. Hair 1-X short, weakly 
branched; 2,3-X long, single. Gills short; dorsal subequal in length to saddle; ventral 
about 0.4 of dorsal. 

SYSTEMATICS. Culex originator is a distinct species, and is readily recognized 
from other members of the subgenus in the male genitalia by the combination of: 


52 Contrib. Amer. Ent. Inst., vol. 17, no. 2, 1980 


(1) 2 distinct patches of bristles on tergal surface of sidepiece laterad of subapical 
lobe, (2) a distinct, moderately long seta midway on stem of distal division of subapi- 
cal lobe, (3) details of setae on apex of distal division, (4) sharply bent clasper, and 
(5) densely setose area on subapical part of paraproct; in the pupa by: (1) hair 1-VI, 
VII single and (2) hair 5-III single or double; and in the larva by the combination of: 
(1) hair 1-V long and single, (2) siphon with 4 pairs of subventral hairs (1,la-S), (3) 
hair 5-C at least 4branched (4-7), and (4) hair 7-P usually single, rarely double. 

We have examined material of originator from Brazil, Guyana, French Guiana and 
Trinidad, and there appears to be no significant variation in the structural details of 
male genitalia or in the chaetotaxy of immature stages. We have also examined | 
male genitalia from Martinique and | larva from Grenada, and they also agree with 
the description of those of the type. Apparently this is the only species of Anoedio- 
porpa found in the Lesser Antilles. The northern limit appears to be Martinique, but 
more extensive collections should be made to ascertain its presence or absence in the 
other islands of this chain. 

On the island of Trinidad, originator is sympatric with conservator, but is not nor- 
mally found in the same treehole or bamboo, thereby apparently exhibiting ecologi- 
cal isolation; out of a total of 52 lots, the 2 species have been collected only once 
from the same container (TR 100, bamboo pot). It appears to be the dominant spe- 
cies on this island in relation to conservator, having been recorded from 42 lots, as 
opposed to 11 lots for conservator. Culex originator has not been recorded to date 
from the island of Tobago, although conservator has. 

We are synonymizing surukumensis Anduze 1941 (a former synonym of conserva- 
tor) with originator. Although we have not seen the type of surukumensis, this nom- 
inal species appears to be conspecific with originator on the basis of male genitalic 
characters. 

BIONOMICS. The immature stages of originator have been collected primarily in 
treeholes and bamboo. Mosquito studies on the island of Marajo in Brazil show that 
originator is found also in clay pots, fallen leaves on the ground and in fruit rinds 
(Kumm and Novis 1938:503,511). Apparently the females at least occasionally bite 
man, as | female has been taken in a biting collection in Trinidad (TR 644) at 1000- 
1500 hours. 

DISTRIBUTION (fig. 12). Culex originator is presently known from Venezuela 
(lower Orinoco drainage), Guyana, French Guiana and Brazil (Amazon drainage), 
and from the islands of Martinique and Grenada (Lesser Antilles) and Trinidad. 

Material examined: 488 specimens; 64 males, 65 females, 124 pupae, 235 larvae; 
115 individual rearings (83 larval, 15 pupal, 17 incomplete). 

BRAZIL. Amazonas: Manaus, Macapa, 21 Dec 1921, R.M. Gordon, 1M (13.2/463) [BM, lecto- 
type]. Para: Belem, IPEAN, Reserva de Aura, 1-10 m, 8 Aug 1969, B.T. and B.G. Aitken, 2 lpM 
(BRA 26-11,-14), 1 pF (26-10), 1 IP (26-12), 2L (26); 1-30 m, 29 July 1970, T.H.G. Aitken, 1 lpF 
(BRA 54-22), 1 IF (54-23), 2L (54) [UCLA]. Belem, Utinga Forest, 35 m, 5 Aug 1969, B.T. and 
B.G. Aitken, 11 (BRA 16-11), 1L (16) [UCLA] ; det. A. Toda [FH, 15855-91,E499-507]. Curra- 
linho, Recreio do Piria, Rio Aracairou, 1F (K427) [USNM]. Curralinho, Rio Canaticu, 3M, 1F (K 
285) [USNM]. Curralinho, Rio Itaucu, 1935, 1M (61) [USNM]. Curralinho, Rio Aramakari, Rio 
Muruaca, Rio Pariaca [INER; Xavier and Mattos 1975:246]. Curralinho, Ilha de Marajo (Kumm 
and Novis 1938:503,511). : 

FRENCH GUIANA. Guyane: Approuague, det. Floch [FH, 6331]. Cayenne, foret de Cabas- 
sou, 5-100 m, 22 May 1967, J. Clastrier, 1 IP (FGC 3146-14), 9L (3146); 9 June 1968, J. Clastrier, 
1 pM (FGC 3470-16), 1 pF (3470-14), 2M (3470-20,-22), 4F (3470-13,-15,-23,-24); 14 July 1968, 
J. Clastrier, 1 pF (FGC 3519-30); 8 Sept 1968, J. Clastrier, 1 lpM (FGC 3642-33), 1 lIpF (3642-32), 
2 pF (3642-31,-34), 1 IpF (FGC 3643-31), 1 lpM (FGC 3644-37), 3 IpF (3644-35,-36,-38), 2 pM 


Berlin and Belkin: Subgenera Aedinus, Tinolestes and Anoedioporpa 53 


(3644-32,-33), 1 pF (3644-30); 1 Dec 1968, J. Clastrier, 3 lpM (FGC 3903-46,-51,-52), 4 lpF 
(3903-42,-44,-47,-49), 2 pM (3903-46,-50), 1 pF (3903-43), 2F (3903-41,-48), 1M, 4L (3903); 9 
June 1968, J. Clastrier, 1 lpM (FGC 3470-30) [UCLA]. Cayenne, foret de la Chaumiere, 5-150 m, 
1 Apr 1968, J. Clastrier, 1M (FGC 3335-11), 1F (3335-10), 1 lpM (FGC 3338-14), 2M (3338-10, 
-13), 1F (3338-11), 4L (3338), 1 p (FGC 3340-13) [UCLA]. Cayenne, Institut Pasteur, 5 m, 1 
May 1967, J. Clastrier, 1Mgen (FGC 3116) [UCLA]. Cayenne, Raban, 5 m, 2-3 Feb 1965, T.H.G. 
Aitken, A. Guerra and R. Martinez, 1F (FG 43) [UCLA]. Remire, between Lac de Remire and 
Lac Lalouette, 150 m, 18 Mar 1967, R.X. Schick, 2 lpM (FG 162-10,-11) [UCLA]. Various locali- 
ties (Floch and Abonnenc 1942:9; 1947:7; Fauran 1961b:43-44). Inini: Various localities, inclu- 
ding Saut Tigre (Fauran 1961b:43-44). 

GRENADA. St. Andrew: Grenville, Balthasar Estate, 150 m, 15 Oct 1963, R. Martinez, 1L 
(GR 43) [UCLA]. 

GUYANA. Mazaruni River, 29 June 1936, 1M (KO 1-9) [UCLA]. 

MARTINIQUE. Fort-de-France, 20 July 1905, A. Busck (Howard, Dyar and Knab 1915:310). 
Locality unspecified but presumably the basis for the previous record, July 1905, A. Busck, 1M 
with genitalia slide (690723-3) [USNM]. 

TRINIDAD. Nariva: Archers Estate, 50m,5 Nov 1964, A. Guerra, 2 lp (TR 818-124,-125), 3L 
(818) [UCLA]. Biche, Caratal Rd., 10 m, 3 Dec 1964, F. Powdhar, 7L (TR 864) [UCLA]. Char- 
uma Forest, 50-150 m, 27 Aug 1964, A. Guerra, 1 lpM (TR 634-106), 2L (634), 1F (TR 644); 8 
Oct 1964, A. Guerra, SL (TR 753), SL (TR 754) [UCLA]. Nariva Swamp, Bush Bush Forest, near 
sea level, 17 Feb 1964, TRVL, 2 IpM (TR 73-136,-139), 3 IpF (73-137,-138,-140), 2 pF (73-131, 
-132); 26 Feb 1964, TRVL, 1 IpF (TR 98-142), 3 IpF (TR 99-148-150), 1 lpM (TR 100-103), 1L 
(TR 102); 4 Mar 1964, TRVL, 6 IpM (TR 155-118,-120,-185,-186,-190,-199), 4 IpF (155-101,-102, 
-119,-200), 1 IF (155-184), 4L (155); 13 May 1964, TRVL, 3 lpM (TR 386-115,-116,-197), 4 lpF 
(386-114,-117,-181,-198), 1 pF (386-110), 1 lpF (TR 387-109) [UCLA]. St. Andrew: Arima, det. 
J. Lane [FH, 10262-3,E-1287-97] ; det. Heredia [FH, 10930-43]. Coryal, 50 m, 18 June 1964, A. 
Guerra, 2 IpM (TR 491-128,-129), 3 IpF (491-121,-122,-154), 9L (491) [UCLA]. Cumaca, 150- 
200 m, 22 Oct 1964, TRVL, 3 lpM (TR 785-102,-104,-106), 2 IpF (785-101,-105), 1M, 1F, 2P, 2L 
(785); 14 Jan 1965, A. Guerra, 2M, 1F, 2P, 3L (TR 942); 18 Feb 1965, TRVL, 4 lpM (TR 1012- 
12-15), 1 IpF (1012-11), 12L (1012) [UCLA]. Mount Harris, 100 m, 16 July 1964, F. Powdhar, 
SL (TR 566) [UCLA]. Platanal Rd. near Oropuche River, 100 m, 20 May 1965, A. Guerra, 1 lpM 
(TR 1179-12), 4 IpF (1179-13-16), 1 pF (1179-11), 2F, 2P, 13L (1179) [UCLA]. Turure Forest, 
30 m, 7 May 1966, A. Guerra, 1 lpM (TR 1511-11), 2 IpF (1511-10,-12) [UCLA]. St. David: 
Grande Riviere, 50 m, 13 Mar 1964, A. Guerra, 3 pM (TR 199-123,-125,-128) [UCLA]. St. 
George: Arena Forest Reserve, 50 m, 3 Sept 1965, F. Powdhar, 1 pM (TR 1386-100) [UCLA]. 
Aripo Valley, 150-250 m, 16 Apr 1964, A. Guerra, 3 IpF (TR 317-125,-127,-157); 17 Sept 1964, 
A. Guerra, 10L (TR 704), 2L (TR 706), 8L (TR 707), 1L (TR 708), 4L (TR 709), 10L (TR 710); 
25 Feb 1965, F. Powdhar, 1 pM (TR 1022-10), 1 pF (1022-11), 1L (1022); 15 Apr 1965, A. Guer- 
ra, 1 IpF (TR 1107-10) [UCLA]. Blanchisseuse, 10 m, 10 Apr 1964, A. Guerra, 4 IpM (TR 305- 
136,-144,-147,-149), 4 IpF (305-143,-145,-146,-148) [UCLA]. St. Joseph, 50 m, 9 Sept 1965, A. 
Guerra, 1 IpM (TR 1391-20) [UCLA]. St. Patrick Estate, 200 m, 5 Feb 1966, A. Guerra, 2L (TR 
1457), 1L (TR 1458) [UCLA]. Verdant Vale, 200-300 m, 10 Sept 1964, A. Guerra, 1L (TR 675); 
12 Nov 1964, A. Guerra, SL (TR 825); 11 Mar 1965, A. Guerra, 1 IpF (TR 1028-19), 2 lpM (TR 
1038-11,-13), 3 IpF (1038-12,-14,-15), 9L (1038); 25 Mar 1965, M. Moody, 1 lpM (TRM 13-51), 
3L (13), 1 lpF (TRM 14-50) [UCLA]. 

VENEZUELA. Bolivar: Headwaters of Rio Surukum, Nov 1940 (Anduze 1941a:833-834). 


9. Culex (Anoedioporpa) quasioriginator Duret 
Fig. 12 


1972. Culex (Anoedioporpa) quasioriginator Duret 1972:3-5. TYPE: Holotype male (1334), 
Pirelli, near Belem, Para, Brazil, 16 Jan 1963, J. Duret [Duret]. 
Culex (Anoedioporpa) quasioriginator of Xavier and Mattos (1975:246); Knight and Stone (1977: 
196). 
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FEMALE. Unknown. 

MALE. Not seen; based on description of Duret (1972:3-5). Very similar in de- 
tails to originator. 

MALE GENITALIA. Not seen; description based on Duret (1972:3-5). Diagnos- 
tic characters as in key. Segment IX: Tergite lobes small, moundlike, each with 5 
subapical setae; interlobar space wide. Sidepiece: Distal part with long bristles on 
tergal surface; sternal surface with shorter setae. Lobe: Proximal division with a 
long stem, bearing 2 approximate rods with hooked tip, upper rod inserted at apex, 
lower slightly basad. Distal division distinct, with a moderately long subbasal seta on 
stem; apex bilobed, proximal lobe with a long filament with expanded tip, a longer 
lanceolate seta and a shorter pointed seta, and distal lobe with 1 longer foliform seta 
with expanded apex and a lanceolate seta. Clasper: About 0.70 length of sidepiece, 
sharply bent mesad at middle; distal 0.3 of outer surface with spiculelike transverse 
ridges: 2 submedian setae on inner surface. Lateral Plate: Basal hook sclerotized, 
strongly curved, bearing distinct denticles; apical process digitiform; sternal spine 
short, pointed. Proctiger: Cercal sclerite short, broad, apex pointed. Paraproct with 
9 blunt apical teeth; subapical area densely setose. 

PUPA, LARVA. Unknown. 

SYSTEMATICS. Culex quasioriginator, described from the state of Para in Brazil, 
is known only by the males. In the male genitalia, it is distinguished from all other 
members of the subgenus except originator by the presence of a densely setose area 
on the paraproct, and from originator by the absence of a setose area on the stem of 
proximal division of subapical lobe. We have not seen the types of quasioriginator, 
but from the description this species appears to be distinct, although closely related 
to originator with which it is sympatric in Para. 

BIONOMICS. The immature stages of quasioriginator are unknown, but they 
probably occur in treeholes or bamboo. Nothing is known about the behavior of the 
adult females. Apparently all the males have been caught in sweeping collections. 

DISTRIBUTION (fig. 12). Culex quasioriginator is presently known iy from 
the state of Para in Brazil. 

Material examined: none. 

BRAZIL. Para: Belem, 18 Aug 1953, J. Duret, 2M (4702,4712); Pirelli, 14 Jan 1963, J. Duret, 
2M (555,581); 16 Jan 1963, J. Duret, 10M (557,558,579,580,1327,1334,1335,3783,3786,3788) 
[type series] ; Rio Guajaru (Oriboca), 23 Aug 1963, J. Duret, 2M (4710,4715); Utinga, 26 Oct 
1962, J. Duret, 1M (1336). Sao Domingos do Capim, Paragominas 24 June 1964, J. Duret, 1M 
(1336) (Duret 1972:4-5). 


10. Culex (Anoedioporpa) luteopleurus (Theobald) 
Figs. 12,26 


1903. Melanoconion luteopleurus Theobald 1903:239-240. *TYPE: Holotype female, Para, 
Brazil, date not specified, H.E. Durham [BM]. 

Culex (Anoedioporpa) luteopleurus of Belkin, Schick and Heinemann (1971:27); Knight and Stone 
(1977:196). 

Culex (Micraedes) luteopleurus of Belkin (1968b:11,17); Xavier and Mattos (1975:249). 

Culex (Aedinus) luteopleurus of Stone, Knight and Starcke (1959:282). 

Culex (Melanoconion) luteopleurus of Dyar (1928:348-349); Edwards (1932:216); Komp (1935: 
10); Lane (1939:67; 1953:495-496); Rozeboom and Komp (1950:98). 

Culex (Tinolestes) luteopleurus of Duret and Damasceno (1955:395,397-401 ,404,407,408); Fauran 
(1961b:48); Cerqueira (1961:133). 

Culex luteopleurus of Forattini, Rabello and Cotrim (1970:43; 1973:468). 
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Melanoconion luteopleurus of Lutz (1904a:5); Peryassu (1908:240-241); Theobald (1910:455, 
456); Surcouf and Gonzalez-Rincones (1911:208). 


FEMALE. Specimen greasy and therefore characters based on original description 
(Theobald 1903:239-240). Similar to conservator, differing in the following. Head: 
Decumbent scales on vertex narrow, dull gray. Erect scales on occiput bright yellow. 
Palpus about 0.15 length of proboscis. Thorax: Scales on mesonotum black, linear. 
Antealar area above paratergite with black scales. Pleural integument bright yellow. 
Scales on upper margin of ppn broad, brown. Lower mep with a strong bristle. 

MALE. The association of male Juteopleurus with the holotype female by Duret 
and Damasceno (1955:398) is questionable, because no individual rearings were 
made, without which no association can be ascertained. 

MALE GENITALIA (fig. 26). Not seen; figure and description based on Duret 
and Damasceno (1955:399-400). Diagnostic characters asin key. Segment IX: Ter- 
gite lobes indistinct, each with 8-10 weak setae; interlobar space wide. Sidepiece: 
Roughly conical; length about 2.0 of greatest width; lateral surface with longer bris- 
tles; sternal surface with shorter setae. Lobe: Proximal division long, with a row of 
4 setae in basal 0.5 of stem and bearing 2 distinctly separated rods with hooked tip, 
upper rod inserted at apex, lower slightly basad. Distal division distinct, with 4 en- 
larged striated leaves midway on stem and 1 leaf subapically; apex with a strong, sin- 
uous filament with an expanded recurved tip and 1 smaller lanceolate seta. Clasper: 
About 0.50 length of sidepiece, sharply curved at middle; distal 0.5 expanded, with 
a row of spiculelike transverse ridges on outer surface; 2 subapical setae on inner sur- 
face. Lateral Plate: Basal hook sclerotized, strongly curved; apical process long; ster- 
nal spine short, slightly hooked. Proctiger: Cercal setae 3. Paraproct with 9 blunt 
apical teeth. 

PUPA, LARVA. Unknown. 

SYSTEMATICS. The original description of luteopleurus is based on a female col- 
lected in an unspecified locality (possibly in or near Belem) in the state of Para, Bra- 
zil. No other specimens were reported until 1954, when Duret and Damasceno col- 
lected some males in Yaguarari and Oriboca in the state of Para, which they provis- 
ionally identified as luteopleurus. Therefore, the association of sexes is only pre- 
sumptive. 

Culex luteopleurus can be distinguished from all other members of the subgenus 
in the adults by: (1) bright yellow erect scales on vertex and (2) antealar area above 
paratergite with black scales; and in the male genitalia by the combination of: (1) 

IX tergite lobes indistinct, (2) stem of proximal division of subapical lobe with 4 se- 
tae in basal 0.5, and (3) stem of distal division of subapical lobe with 5 submedian 
leaves. On the basis of male genitalic characters, Juteopleurus appears to be a very 
distinct member of the subgenus Anoedioporpa. 

BIONOMICS. The immature stages of Juteopleurus are unknown, but like other 
members of the subgenus will probably be found in treeholes and/or bamboo. The 
holotype female and the males were presumably taken in sweeping collections. 

DISTRIBUTION (fig. 12). Culex luteopleurus is at present known only from the 
state of Para, Brazil at low elevations. 

Material examined: holotype female examined by J.N. Belkin [BM]. 

BRAZIL. Para: Date and exact locality unspecified, H.E. Durham [BM, holotype]. Belem, 
Oriboca, Rio Guajaru (Br59,E.16); Rio Moju, Yaguarari (Br41,E.1) [Duret] ; Rio Moju, Yaguarari 
(Br41,E.2) [FH, 10,551]; Utinga [FH, E485-498,E820,E821]. 
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11. Culex (Anoedioporpa) corrigani Dyar & Knab 
Figs. 12,24,25 


1907. Culex corrigani Dyar & Knab 1907:203. *TYPE: Holotype female, Tabernilla, Canal 
Zone, Panama, date not specified, A. Busck [USNM, 10870] . 

1914. Culex chalcocorystes Martini 1914:70-74. *TYPE: Lectotype male (538), Portobelo, 
Colon, Panama, Nov 1913, E. Martini [BM; designation of Mattingly 1955:31]. Synony- 
my with corrigani by Dyar (1922:95). 

Culex (Anoedioporpa) corrigani of Bonne and Bonne-Wepster (1925: 188,260,264); Belkin (1968b: 
12,14); Heinemann and Belkin (1977a:283; 1977b:452; 1978a:183); Knight and Stone (1977: 
196). 

Culex (Isostomyia) corrigani of Edwards (1932:328); Komp (1936:327); Lane (1939:74); Roze- 
boom and Komp (1948:403); Galindo, Carpenter and Trapido (1951: 102,104,105,108,110, 
111,112,113,126); Horsfall (1955:548). 

Culex (Aedinus) corrigani of Dyar (1923b:189); Stone, Knight and Starcke (1959:282); Belkin, 
Schick and Heinemann (1965:56). 

Culex (Melanoconion) corrigani of Dyar (1925:158,161,169; 1928:347). 

Culex (Micrades) corrigani of Gordon and Evans (1922:327); Dyar (1922:95,96; 1923:177). 

Culex (Tinolestes) corrigani of Lane (1953 :392-393); Galindo and Blanton (1955:70). 

Culex corrigani of Theobald (1910:614); Howard, Dyar and Knab (1915:222,223,229,386-387); 
Galindo, Carpenter and Trapido (1955:159,161); Stone and Knight (1957:58); Forattini, Rabel- 
lo and Cotrim (1970:39). 

Culex (Micraedes) chalcocorystes of Dyar (1918:90,102). 


FEMALE. Wing: 2.8 mm. Proboscis: 1.9 mm. Forefemur: 1.6 mm. Abdomen: 
about 1.8 mm. Essentially similar to conservator, differing in the following. Head: 
Decumbent scales on vertex white. Erect scales on occiput pale brown. Palpus 
about 0.14-0.15 length of proboscis. Thorax: Acrostichal bristles represented by 
3,4 short setae cephalad of prescutellar space. Antealar area above paratergite with 
scattered white scales. Pleural integument pale yellow, finely spiculose. Lower mep 
area bare. 

MALE. Wing: 2.7 mm. Proboscis: 2.1mm. Forefemur: 1.75 mm. Similar to fe- 
male in general coloration. Palpus about 0.14 length of proboscis. 

MALE GENITALIA (fig. 24). As figured; diagnostic characters as in key. Seg- 
ment IX: Tergite lobes distinct, moundlike, each with 6-9 short to moderately long 
setae; interlobar space wide. Sidepiece: Roughly conical; length about 2.0-2.3 of 
greatest width; tergal and sternal surfaces with shorter setae; lateral surface with long 
bristles; tergomesal surface caudad of proximal division with a few short fine setae; 

1 seta laterad of distal division of lobe usually lanceolate. Lobe: Proximal division 
with a short stem bearing 2 rods with hooked tip, larger rod inserted at apex, smaller 
slightly basad. Distal division poorly developed, wider than long, bearing | foliace- 
ous seta, 4 specialized setae with recurved apexes and 2,3 shorter lanceolate setae. 
Clasper: About 0.60 length of sidepiece, stout, smoothly curved; distal 0.3 of outer 
surface with closely set spiculelike transverse ridges; 1 submedian and 1 subapical se- 
ta on inner surface. Lateral Plate: Basal hook sclerotized, strongly curved, bearing a 
few subapical spines; apical process narrow basally, broadly truncate at tip; sternal 
spine short, pointed. Proctiger: Cercal sclerite long, broad, smoothly rounded at 
apex, directed caudomesad; cercal setae 2-4. Paraproct with a row of 6-8 blunt api- 
cal teeth, 

PUPA (fig. 24). Abdomen: 2.4-2.7 mm. Trumpet: 0.45 mm; index 5.0-6.0. Pad- 
dle: 0.55 mm. As figured; diagnostic characters as in key. Cephalothorax: Integu- 
ment lightly pigmented. Hairs 1-3-C usually double; 4,5-C triple; 6,7-C double or 
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triple; 8,9-C single; 10-C at least 3-branched. Trumpet: Moderately pigmented and 
strongly contrasting with cephalothorax. Abdomen: Integument lightly pigmented. 
Hair 1-II short, weakly branched, easily distinguishable at 100X; hair 7-II usually sin- 
gle; 4-VI short, weakly branched, cephalomesad of 5-VJ; hair 1-VI,VII at least dou- 
ble; 9-VII at least 4-branched (4-6); hair 9-VIII usually with 7 branches (6-8). Pad- 
dle: Lightly pigmented, longer than wide, about 2.0 of segment VIII. Male genital 
lobe extending to 0.35 and female to 0.20 of paddle. 

FOURTH INSTAR LARVA (fig. 25). Head: 0.85-0.90 mm. Siphon: 2.1-2.3 mm; 
index about 20.0-30.0. Anal Saddle: 0.35-0.40 mm. As figured; diagnostic charac- 
ters asin key. Head: Width about 1.1 of length. Subantennal pouch distinct, dome 
shaped. Hair 4+C single; 5-C usually with 4 branches (3-5); hair 9-C usually with 4 
branches (4-6); hair 14-C single; 15-C usually with 3 branches (2-4), short, not ex- 
tending to base of mental plate. Mental plate with a strong median shouldered tooth 
and 7 distinct teeth on either side. Antenna: Length about 0.5 of head, distinctly 
spiculose to hair 1-A; all hairs single except 1-A (22,20-29). Thorax: Hair 0-P short, 
weak, with dendritic branches; 1,2-P long, single; 3-P long, about 0.3 of 1-P, usually 
single; 4-P usually with 3 branches (3,4); hairs 5,7-P long, single; 14-P short, single; 
4-M usually double (1-3). Abdomen: Hair 3-I usually with 3 branches (2,3); hair 6-I 
usually with 3 branches (2-4); hair 7-I single; 6-I] longer than segment, usually triple 
(2,3); hair 6-III-V moderately long, always shorter than segment, triple; 1-V short, 
never extending beyond segment V, weakly branched(4,3-6). Segment VIII: Comb 
scales in a patch of 3,4 irregular rows, about 48-76 in number; individual scale with 
spatulate fringed apex. Siphon: Very long, index variable. Integument moderately 
pigmented, with a narrow basal dark ring; distinctly spiculose, spicules wartlike. Sub- 
ventral hairs (1,la-S) usually 6 pairs (rarely 5), progressively smaller distad; subdorsal 
hairs (2a-S) 2 pairs, located in distal 0.15 of siphon. Pecten short, extending barely 
to proximal 0.15; individual tooth long, pointed apically, with minute ventral denti- 
cles. Anal Segment: Integument strongly pigmented, imbricate and slightly spicu- 
lose, spicules visible at 200X. Hair 1-X short, weakly branched; 2,3-X long, single. 
Gills long; dorsal 2.0-2.5 length of saddle; ventral slightly shorter than dorsal. 

SYSTEMATICS. Culex corrigani is distinct from all other members of the subge- 
nus in both the adult and immature stages. In the adults, it is distinguished by the 
combination of: (1) 3,4 acrostichal bristles near prescutellar area and (2) lower mep 
bare; in the male genitalia by the combination of: (1) poorly developed distal divi- 
sion of subapical lobe, (2) moderately broad, stout clasper, and (3) broad digitiform 
cercal sclerite; in the pupa by the combination of: (1) hair 1-VII at least double and 
(2) 4-VI cephalomesad of 5-VI; and in the larva by: (1) hair 1-V short, barely extend- 
ing to apex of segment, multiple, (2) long siphon with an index of about 20.0-30.0, 
and (3) usually 6 pairs of subventral siphon hairs (1, 1a-S). 

We have seen material of corrigani from Nicaragua, Costa Rica and Panama, and 
have not noticed any significant variations either in the adults or in the immature 
stages. 

We have also examined the type of chalcocorystes Martini 1914, and in our opin- 
ion its synonymy with corrigani by Dyar (1922:95) is justified. 

BIONOMICS. The immature stages of corrigani are usually found in treeholes. 
According to Galindo, Carpenter and Trapido (1951:127), the immature stages show 
preference for breeding in deep holes in trees growing in virgin forest. The larvae 
were also found in bamboo traps near the ground and in the forest canopy. Nothing 
is known about the behavior of the adult females. 
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DISTRIBUTION (fig. 12). Culex corrigani is Central American in distribution, 
having been reported from Nicaragua (Atlantic), Costa Rica (Atlantic) and Panama 
(Atlantic and Pacific) at low (near sea level) to moderate (600 m) elevations. The re- 
cord from Colombia (Knight and Stone 1977: 196) is apparently in error. 

Material examined: 194 specimens; 52 males, 45 females, 33 pupae, 64 larvae; 35 
individual rearings (18 larval, 10 pupal, 7 incomplete). 

COSTA RICA. Heredia: Puerto Viejo, Finca La Selva, OTS Field Station, 100 m, 8 Aug 1974, 
A. Berrios A., 3 lpM (CR 433-30,-31,-33), 3 IpF (433-32,-34,-35), 1L (433) [UCLA]. 

PANAMA. Bocas del Toro: Almirante, 10 m, 27 Apr 1963, A. Quinonez, 1 pM (PA 259-1 19), 
2L (259); 7 May 1963, A. Quinonez, 1 IpF (PA 335-107), 1 pM (335-110), 3 pF (335-103,-105, 
-111), 1 1P (335-106), 2L [UCLA]. Canal Zone: Barro Colorado Is., 18 Jan 1935, 1Mgen [USN 
M]; 7 May 1943, W.H.W. Komp, 1M (KO 37-18), 5M, 4F (KO 37-24), 1M (KO 41-9), 1M (KO 41- 
18), 1F (KO 41-19), 1M, 1F (KO 41-32), 3M (KO 41-24), 1F (KO 41-27), 6M, 2F (KO 41-29), 1F 
(KO 41-30), 1M, 1F (KO 41-33); 21 May 1943, W.H.W. Komp, 1M (KO 41-14), 1F (KO 41-15), 1 
F (KO 41-16), 2F (KO 41-20), 1M (KO 41-23), 2F (KO 41-25), 1M, 1F (KO 207A-35); 21 May 
1943, G.B. Fairchild, 2M (KO 37-40); 13 May 1945, 3L (5-336,-366); 15 May 1945, 1L (5-392); 
18 May 1945, 1L (5-414); 23 May 1945, 4L (5-367,-382,-389,-406); 26 June 1945, 1L (5-411) 
[UCLA] ; no date, det. J. Lane [FH, 6369,6370]. Fort Sherman, 5 Jan 1926, D. Baker, 1M, 3F 
[USNM]. Mojinga Swamp, 5 m, 13 Oct 1964, A. Quinonez, 1 pF (PA 722-101), 3L (722) [UCL 
A]. S. Gamboa Trail, 9 June 1943, Elton, 2M (KO 37-12) [UCLA]. Tabernilla, A. Busck, 1 L 
[USNM], 1F [USNM, 10870; holotype of corrigani|. Colon: Portobelo, no data [FH, 8938]; 
18-24 Feb 1911, A. Busck, 1M, 11F; 25 Feb 1911, A. Busck, 1M, 2F; 13 Mar 1911, A. Busck, 3M 
[USNM] ; Nov 1913, E. Martini, 1Mgen, 1F [USNM, 18466; type series of chalcocorystes| ; Nov 
1913, E. Martini, 1M (538) [BM, lectotype]. Darien: El Real, Piriaque, near sea level, 13 Jan 
1964, A. Quinonez, 4L (PA 622) [UCLA]. Morti, Morti Hydro, 80 m, 1 Dec 1966, O.G.W. Berlin 
and R. Hinds, 1 pM (PA 967-100), 1L (967) [UCLA]. Pucro, Rio Tacarcuna valley, 600 m, 5 July 
1963, A. Quinonez, 2 pM (PA 438-101,-103), 1 pF (438-102); 8 July 1963, A. Quinonez, 6 IpM 
(PA 442-101,-103-105,-108,-110), 6 IP (442-102,-107,-109,-111-113), 1L (442) [UCLA]. Santa 
Fe, 20 m, 22 Nov 1966, O.G.W. Berlin, 1 lpM (PA 945-11), 1 IpF (945-10) [UCLA]. Panama: 
Juan Mina, 40 m, 18 Jan 1963, A. Quinonez, 1 lpM (PA 5-104), 1 IM (5-109), 2L (5) [UCLA]. Pa- 
cora, 22 Dec 1950, S.J. Carpenter, 1L; 26 Dec 1950, S.J. Carpenter, 4L [UCLA]. Province not 
specified: Santa Clara, La Venta, 9 Apr 1943, 1M, IF [USNM]. No data, det. Galindo [FH, 
9011]. 

NICARAGUA. Zelaya: Bluefields, near sea level, 14 July 1964, A. Quinonez, 1 lpM (NI 48-10), 
5L (48) [UCLA]. 


Restrictor Group 


FEMALE. Small to moderate in size, inornate species. Head: Erect scales 
forked apically, brown. Proboscis slightly longer than forefemur, entirely dark 
scaled. Palpus short, about 0.20 length of proboscis, 4-segmented, segment 4 about 
2.0 of segment 3. Antenna slightly shorter than proboscis. Thorax: Mesonotal 
scales linear, auburn. Acrostichal bristles distinct, extending from anterior promon- 
tory to prescutellar space. Pleural integument yellowish; scaling restricted to upper 
ppn and stp; lower mep with | strong bristle. Abdomen: Tergites [I-VU with baso- 
lateral light patches, rest dark scaled; sternites predominantly creamy, dark scaled 
distally. | 

MALE. Similar to female in coloration. Palpus long, subequal to proboscis 
length, 5-segmented; segment 3 long; segment 4 short, about 0.30-0.33 of segment 3; 
segment 5 shorter, about 0.60 of segment 4. 

MALE GENITALIA. Segment IX: Tergite lobe moundlike, with 12-18 moderate- 
ly long setae. Sidepiece: Roughly conical, length about 2.0 of greatest width. Lobe 
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situated at 0.7, directed caudomesad, divided into distinct, approximated proximal 
and distal divisions; proximal division with 2 distinct rods; distal division with 4 api- 
cal leaves in addition to 2,3 specialized setae. Clasper: About 0.65 length of side- 
piece, relatively simple and curved inward. Phallosome: Lateral plate with apical 
process broadly truncate from dorsal aspect; sternal spine directed basolaterad. 
Proctiger: Paraproct with 6-8 apical teeth; cercal setae 2-5. 

PUPA. Cephalothorax: Hair 5-C moderately long, weakly developed, subequal 
in length to 4-C; hair 10-C strongly developed, single or double, distinctly longer 
than 11-C. Abdomen: Hair 1-II with 3-5 moderately long branches, not resembling 
float hair (1-1); hair 1-IJI-VII varied in branching; 6-I,II long, about 2.0 of 7-I,II; hair 
5-IV,V moderately long, double, barely extending to apex of succeeding segment; 2- 
II-VI subequal in length to 9-II-VI; hair 9-VII,VIII strongly developed, at least 4- 
branched; 9-VIII subequal in length to segment VIII; hair 1-[X absent. Posterior 
margin of sternum VIII lobed laterad of 9-VIII. Paddle: Elongate, lightly pigment- 
ed; hairs 1,2-P absent. 

FOURTH INSTAR LARVA. Head: Hair 5-C usually 3-branched; 6-C single; 7-C 
with 7-9 and 11-C with 4,5 branches. Central tooth of mental plate simple. Anten- 
na: Hair 1-A inserted about 0.70 from base. Thorax: Hairs 5-7-P single, strongly 
developed. Abdomen: Hair 6-III-V moderately long, about 0.75 length of 6-I,I]; 
hair 9-II-VI short, single. Segment VIII: Hair 2-VIII on an oval sclerotized plate. 
Siphon: Subventral hairs (1,1la-S) 5 pairs; subdorsal hairs (2a-S) 5 pairs, middle ones 
sometimes unpaired; proximal subdorsals always within last pecten tooth. Anal Seg- 
ment: Ventral brush (4-X) with 6 pairs of hairs on a grid. Gills short, ventral slightly 
shorter than dorsal. 

DISCUSSION. The Restrictor Group is recognized here for the nominate form. 
This species, originally described from Mexico, was included in the subgenus Micro- 
culex by Stone, Knight and Starcke (1959:280) and Knight and Stone (1977:269). 
On the basis of correlated features of adults and immatures, it appears to be more 
closely related to species in the subgenus Anoedioporpa than to any other subgenus 
of Culex in the New World. Within the subgenus, it is distinct from all the other 
members in the adults and immature stages. The adults are readily distinguishable by 
the presence of acrostichal bristles on the mesonotum from the anterior promontory 
to prescutellar space. The pupa is easily separated by the longer, strongly developed 
hair 10-C. The larva is diagnosed by the presence of 6 pairs of hairs in the ventral 
brush, and a sclerotized plate at the base of hair 2 on segment VIII. This group has 
retained more ancestral characters than the Conservator Group and is restricted to 
the Middle American area. 

The Restrictor Group is known at present only from the mainland of Central 
America, from Mexico as far north as the states of Jalisco and San Luis Potosi, and 
from the state of Aragua in Venezuela (fig. 27). The immature stages are found in 
treeholes at low to moderately high (1700 m) elevations. 


12. Culex (Anoedioporpa) restrictor Dyar & Knab 
Figs, 27,28,29,30 


1906. Culex restrictor Dyar & Knab 1906:222. *TYPE: Holotype larval skin (311c) with asso- 
ciated whole female pupa on slide, Almoloya, Oaxaca, Mexico, 21 July 1905, F. Knab 
[USNM]. Information in Belkin, Schick and Heinemann 1965:38. 

1908. Culex consternator Dyar & Knab 1908:59. *TYPE: Lectotype male (429.1), Cordoba, 
Veracruz, Mexico, 7 Mar 1908, F. Knab [USNM 11969; designation of Stone and Knight 
1975:46]|. Synonymy with restrictor by Howard, Dyar and Knab 1915:333. 
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Culex (Anoedioporpa) restrictor of Dyar (1923b:190); Heinemann and Belkin (1977a:283; 1977b: 
427,433; 1977c:528; 1978a:183; 1978b:393). 

Culex (Melanoconion) restrictor of Dyar (1925:169; 1928:348); Edwards (1932:217); Martini 
(1935:60); Lane (1939:70). 

Culex (Microculex) restrictor of Lane (1953:527-528); Galindo and Blanton (1955:73); Stone, 
Knight and Starcke (1959:280); Belkin, Schick and Heinemann (1965:38); Diaz Najera and Var- 
gas (1973:120); Knight and Stone (1977:269). 

Culex (Micraedes) restrictor of Dyar (1918:102). 

Culex (Aedinus) restrictor of Dyar (1923:189-190,191). 

Culex restrictor of Dyar and Knab (1906:208); Howard, Dyar and Knab (1915:331); Galindo, Car- 
penter and Trapido (1955:159,160); Forattini, Rabello and Cotrim (1970:47). 


FEMALE (fig. 28). Wing: 3.2 mm. Proboscis: 2.0 mm. Forefemur: 1.7 mm. Ab- 
domen: 2.2 mm. As described for subgenus and group, with the following additional 
features. Head: Decumbent scales on vertex narrow, white; sides and venter with 
broader white scales. Erect scales auburn. Palpus short, about 0.20 length of probos- 
cis. Thorax: Mesonotal scales narrow, auburn except for white scales on anterior 
promontory and along anterior part of lateral prescutal area. Antealar area above 
paratergite with narrow auburn scales, Pleural integument yellowish. Upper margin 
of ppn with auburn scales. Lower mep with a strong bristle. Abdomen: Scales on 
tergites predominantly dark except for basolateral light areas. Sternites predominant- 
ly creamy, dark scaled distally. 

MALE (fig. 28). Wing: 2.7 mm. Proboscis: 1.8 mm. Forefemur: 1.5 mm. Simt- 
lar to female in general coloration. Palpus subequal to length of proboscis. 

MALE GENITALIA (fig. 29). As figured; diagnostic characters asin key. Readily 
separated from all members of the subgenus by the presence of 4 apical leaves on dis- 
tal division of subapical lobe. Segment IX: Tergite lobes distinct, widely separated, 
each with 12-14 moderately long setae. Sidepiece: Roughly conical; length about 
2.0 of greatest width; tergal surface with a few longer bristles; sternal surface with 
shorter setae and a few scales basally. Lobe: Proximal division with a moderately 
long stem bearing 2 rods with hooked tip, upper rod inserted at apex, lower slightly 
basad. Distal division distinct, stem short, bearing apically 1 short and | longer spec- 
ialized seta with hooked tip, and 4 leaves. Clasper: About 0.60 length of sidepiece, 
smoothly curved mesad; 1 submedian and | subapical seta on inner surface. Lateral 
Plate: Basal hook sclerotized, strongly curved; apical process long, broadly truncate 
at tip; sternal spine short, pointed. Proctiger: Apex of cercal sclerite broad, triangu- 
lar; cercal setae 2-8. Paraproct with a row of 6-8 blunt apical teeth. 

PUPA (fig. 29). Abdomen: 2.5 mm. Trumpet: 0.45-0.50 mm; index about 7.0. 
Paddle: 0.6 mm. As figured; diagnostic characters as in key. Cephalothorax: Light- 
ly to moderately pigmented, wing case darker. Hairs 1-5-C moderately long, always 
double; 6-C at least 3-branched (3-5); hair 7-C double; 8-C usually double; 9-C single; 
10-C single or double, longer than 11-C; hairs 11,12-C single. Trumpet: Very strong- 
ly pigmented and strongly contrasting with cephalothorax. Abdomen: Integument 
lightly to moderately pigmented, progressively lighter caudad, imbricate. Hair 1-II 
moderately long, extending beyond middle of succeeding segment, branched; 7-II 
double; 4-VI short, usually double, cephalad of 5-VI; hair 1-VI,VII at least double (2- 
5); hair 9-VII with 4-6 branches; 9-VIII with 4-7 branches. Paddle: Lightly pigment- 
ed, longer than wide, about 2.0 of segment VIII and finely spiculose ventrally; apex 
slightly produced. Male genital lobe extending to 0.4 and female to 0.2 of paddle. 

FOURTH INSTAR LARVA (fig. 30). Head: about 1.0mm. Siphon: 1.9-2.2 mm; 
index 16.0-19.0. Anal Saddle: 0.32-0.34 mm. As figured; diagnostic characters as in 
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key. Head: Width about 1.1 of length. Hair 4-C usually double; 5-C usually triple 
(3-5); hair 9-C usually with 5 branches (4-7); hair 14-C double; 15-C with 3,4 branch- 
es. Mental plate with a strong median tooth and 9-11 distinct teeth on either side. 
Antenna: Length about 0.5 of head, distinctly spiculose to hair I-A; all hairs single 
except 1-A (11,8-15). Thorax: Hair 0-P moderately long, weakly stellate, with 8-15 
branches; 1,2-P long, single; 3-P moderately long, usually double (1-4); hair 4-P usu- 
ally double (1-3); hairs 5-7-P single; 14-P small, single; 4-M double. Abdomen: Hairs 
6,7-I, 6-II-V long, double; 6-VI single; 1-V moderately long, barely reaching apex of 
segment, with 3-5 branches. Segment VIII: Comb scales in a patch of 4,5 irregular 
rows, about 49-73 in number; individual scale with spatulate fringed apex. Siphon: 
Integument moderately pigmented, darker basally, with fine wartlike spicules. Sub- 
ventral hairs (1,la-S) 5 pairs, usually single, progressively smaller distad; subdorsal 
hairs (2a-S) 5 pairs, median ones usually unpaired. Pecten extending barely to proxi- 
mal 0.2; individual tooth long, pointed apically, without lateral denticles. Anal Seg- 
ment: Integument moderately pigmented, imbricate, spiculose. Hair 1-X short, 
weakly branched; 2,3-X long, single. Gills short, subequal to length of saddle, atten- 
uated apically; ventral slightly shorter than dorsal. 

SYSTEMATICS. Culex restrictor can be readily distinguished from other mem- 
bers of Anoedioporpa in the adults by the presence of acrostichal bristles extending 
from anterior margin to prescutellar area of mesonotum; in the male genitalia by the 
short distal division of subapical lobe with 4 apical leaves in addition to other spec- 
ialized setae; in the pupa by hair 10-C strongly developed, single or double and dis- 
tinctly longer than 11-C; and in the larva by: (1) ventral brush (4-X) with 6 pairs of 
hairs, (2) siphon with both subdorsal (2a-S) and subventral hairs (1,la-S) composed 
of 5 pairs, and (3) hair 2-VIII on a sclerotized plate. 

We have examined material of restrictor from Mexico, Guatemala, El Salvador, 
Costa Rica, Panama and Venezuela, and have not come across any significant varia- 
tions between populations. The characters that separate restrictor from the members 
of Conservator Group are constant. 

BIONOMICS. The immature stages of restrictor are usually found in treeholes 
(31 collections), and occasionally in cut bamboo internodes (2 lots) or artifical con- 
tainers (tires in 2 lots, gallon can in 1 lot). They have been collected at low (10 m) 
to moderately high (1700 m) elevations. The immatures have been collected in as- 
sociation with many typically treehole-breeding mosquitoes, including 10 different 
species of Aedes (Protomacleaya), Culex (Culex) declarator Dyar & Knab 1906, Cx. 
(Cux.) mollis Dyar & Knab 1906, Corethrella appendiculata Grabham 1906, Haema- 
gogus (Haemagogus) equinus Theobald 1903, Hg. (Hag.) lucifer (Howard, Dyar & 
Knab 1913), Hg. (Hag.) mesodentatus Komp & Kumm 1938, Orthopodomyia kum- 
mi Edwards 1939 and Toxorhynchites (Lynchiella) moctezuma (Dyar & Knab 1906). 
Nothing is known about the behavior of the adult females. 

DISTRIBUTION (fig. 27). Culex restrictor is primarily Central American in dis- 
tribution. We have seen specimens from Mexico as far north as the states of Jalisco 
(Pacific side) and San Luis Potosi (Atlantic side), from Guatemala, El Salvador, Hon- 
duras, Costa Rica and Panama. It has also been collected from Venezuela, from 2 ad- 
jacent localities just N of Maracay. 

Material examined: 973 specimens; 121 males, 124 females, 262 pupae, 466 larvae; 
148 individual rearings (98 larval, 40 pupal, 10 incomplete). 

COSTA RICA. Alajuela: Alajuela, 880 m, 18 July 1971, D.W. Heinemann, 7L (CR 270) [UCL 
A]; no data [FH, 8931]. Desamparados, Rio Machuca, 260 m, 1 Nov 1971, D. Schroeder, 1 lpM 
(CR 497-11), 4 IpF (497-12-15), 3 pM (497-100-102), 6L (497) [UCLA]. Desmonte, 600 m, 2 
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Aug 1971, A. Berrios A., 1L (CR 330) [UCLA]. Cartago: Orosi, 1070 m, 19 July 1971, J.N. Bel- 
kin, 2 lpM (CR 280-10,-11), 2 lpF (280-12,-13) [UCLA]. Guanacaste: Puerto Humo, Palo Verde 
OTS Field Station, 10 m, 18 Aug 1971, S.J. and D.W. Heinemann, 1 pM (CR 443-102), 2 pF (443- 
100,-101), 10L (443), 1 IpF (CR 444-11), 2 IP (444-10,-12), 8L (444); 19 Aug 1971, D.W. Heine- 
mann, 2 lpM (CR 449-10,-11), 5 lpF (449-12-14,-16,-18), 3 pM (449-100-102), 2 IP (449-15,-17), 
20L (449); 20 Aug 1971, D.W. Heinemann, 6 lpM (CR 452-21-23,-25-27), 8 IpF (452-20,-24,-28- 
33), 4 pM (452-100,-101,-103,-109), 3 pF (452-102,-107,-108), 1L (452) [UCLA]. Puntarenas: 
El Roble, 16 June 1943, T.H.G. Aitken, 1F (KO 207B-12) [UCLA]. San Jose: Limonal, 1080 m, 
4 Aug 1971, D. Schroeder and S.J. Heinemann, 2 IpM (CR 335-10,-11), 2 IpF (335-14,-16), 2 pF 
(335-100,-101), 3L (335) [UCLA]. San Isidro del General, 750 m, 20 June 1964, C.L. Hogue, 1 
pF (CR 176-102), 1P (176) [UCLA]. 

EL SALVADOR. Sonsonate: Izalco, 430 m, 6 Nov 1971, J.N. Belkin and S.G. Breeland, 1 IpF 
(SAL 53-50) [UCLA]. Los Planes, det. W. Kumm [FH, 4271,6310]. Sonsonate, Finca San Dioni- 
sio,4 Aug 1964, A. Quinonez, 1 lpF (SAL 8-20), 1 pF (8-101), 3L (8) [UCLA]. Sonsonate, Can- 
ton El Castano, 300 m, 1 Aug 1964, A. Quinonez, 1 IpF (SAL 1-20), 1L (1), 1 IpM (SAL 3-11), 3 
IpF (3-13-15), 1P, 24L (3) [UCLA]. Usulutan: San Juan del Gozo, H.W. Kumm, 3M, 2F (KO 
207A-28) [UCLA]. 

GUATEMALA. Chimaltenango: Locality unspecified, Jun-Oct 1950, H.T. Dalmat, 4 lpF (GUA 
151-23,-24,-26,-28), 8M (151-10,-11,-13,-14,-19,-22,-29,-31), 11F (151-12,-15-18,-20,-25,-27,-30, 
-32,-33), 4P (151) [UCLA]. Escuintla: Escuintla, 160-180 m, 10 July 1964, J. and T. Zavortink, 
6 IpF (GUA 39-10,-11,-13,-14,-16,-18), 1 lp (39-17), 3 pM (39-101-103), 4 pF (839-105-108), 2 1P 
(39-12,-15), 3M, 3F, 11P, 7L (39), 3 lpM (GUA 40-20-22) [UCLA]. San Jose de Guatemala 
[=Puerto de San Jose], 16 July 1943, D.G. Hall, 2M (KO 41-2); July1943, D.G. Hall, 2F (KO 37-26, 
-39), 2M (GUAK 27) [UCLA]. Guatemala: Bethania, Rio El Naranjo, 1500 m, 15 July 1964, T. 
Zavortink and P. Cowsill, 2 lpF (GUA 44-10,-11), 1 IP (44-12), 2L (44) [UCLA]. Guatemala City, 
1500 m, 2 Sept 1964, W. Almengor and P. Cowsill, 2L (GUA 118) [UCLA]. Villa Canales, 1300 
m, 22 July 1964, W. Almengor and P. Cowsill, 1L (GUA 60) [UCLA]. Retalhuleu: San Felipe, 
580 m, 2 July 1964, P. Cowsill, 6 IlpF (GUA 22-20,-22-26), 1 IF (22-21), 6F, 6P, 6L (22) [UCLA]. 

HONDURAS. Atlantida: Lancetilla, 50m, 19 Aug 1964, A. Quononez, 1L (HON 55-10) 
[UCLA]. 

MEXICO. Guerrero: Chilpancingo, 34 km S of, ?900 m, 7 Aug 1966, D. Schroeder, 1L (MEX 
424), 2L (MEX 426); 38 km S of Chilpancingo, ?700 m, 8 Aug 1966, D. Schroeder, 6L (MEX 
420) [UCLA]. Jalisco: El Tuito, 19 km N of Boca de Tomatlan, 610 m, 30 Aug 1972, J.N. Bel- 
kin, 16 lpM (MEX 722-10-15,-19,-22,-24-29,-80,-81), 8 lpF (722-16-18,-20,-21,-23,-82,-83), 1 pM 
(722-101), 2 pF (722-102,-103), 48M, 16F, 80P, 172L (722) [UCLA]. Quililla, El Mirador, 1700 
m, 8 June 1971, L.T. Nielsen and T. Zavortink, 4 lpF (MEX 671-30-33) [UCLA]. Oaxaca: Almo- 
loya, 21 July 1905, F. Knab, 1 IP (311c) [USNM, holotype of restrictor]. Salina Cruz, ?10 m, 9 
Aug 1966, D. Verity, 1P (MEX 105-10), 2L (105) [UCLA]. Tehuantepec, Puentes Tortugas, 100 
m, 16 Aug 1966, D. Schroeder, 1 pM (MEX 436-100), 1 IP (436-10), 12L (436), 2 lpM (MEX 437- 
10,-11), 1L (437) [UCLA]. San Luis Potosi: Tamazunchale, 200 m, 20 July 1965, R.X. Schick 
and D. Schroeder, 1 IpM (MEX 213-21), 1 lpF (213-90), 1M (213-20), 27L (213); 21 July 1965, 
R.X. Schick and D. Schroeder, 1L (MEX 233) [UCLA]. Veracruz: Cordoba, 900 m, 18 July 
1964, E. Fisher, 1L (MEX 52); 22 July 1964, E. Fisher and D. Verity, 1L (MEX 70) [UCLA] ; 7 
Mar 1908, F. Knab, 1M (429.1) [USNM, 11969; lectotype of consternator] . 

PANAMA. Bocas del Toro: Highlands of Chiriqui above 1000 m (Galindo and Blanton 1955: 
73). Canal Zone: Corozal Dam, 28 July 1943, 1F (KO 41-21) [UCLA]. Cocle: El Valle, 600 m, 
13 Aug 1963, A. Quinonez, 1 pM (PA 507-101) [UCLA]. Darien: Pucro, northern slopes of Cerro 
Mali, 1470 m, 27 May 1963, A. Quinonez, 1 lp (PA 366-107) [UCLA]. 

VENEZUELA. Aragua: Guamitas, 740 m, 15 July 1969, J. Bergland and T. Zavortink, 2 lpF 
(VZ 198-30,-32), 1 pM (198-102), 4 pF (198-100,-101,-103,-104), 1 lp (198-31), 12P, 16L (198); 
18 Aug 1969, J. Clavijo and J. Pulido, 3L (VZ 374) [UCLA]. El Castano, 600 m, 20 Aug 1969, J. 
Clavijo and J. Pulido, 9L (VZ 380) [UCLA]. 
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FIGURES 


Distribution of Aedinus; amazonensis, clastrieri, guyanensis and accelerans. 


Culex (Aedinus) amazonensis; male and female heads and claws; female thorax, 
wing, legs, genitalia. 


Culex (Aedinus) amazonensis; male genitalia, pupa. 

Culex (Aedinus) amazonensis; fourth instar larva. 

Culex (Aedinus) clastrieri, Cx. (Ads.) guyanensis; male genitalia, 
Culex (Aedinus) accelerans; male genitalia, pupa. 

Culex (Aedinus) accelerans; fourth instar larva. 

Distribution of Tinolestes; latisquama. 


Culex (Tinolestes) latisquama; male and female heads and claws; female thorax, 
wing, legs, genitalia. 


Culex (Tinolestes) latisquama; male genitalia, pupa. 
Culex (Tinolestes) latisquama; fourth instar larva. 
Distribution of Conservator Group of Anoedioporpa. 


Culex (Anoedioporpa) conservator; male and female heads and claws; female 
thorax, wing, legs, genitalia. 


Culex (Anoedioporpa) conservator; male genitalia, pupa. 
Culex (Anoedioporpa) conservator; fourth instar larva. 
Culex (Anoedioporpa) browni; male genitalia, pupa. 
Culex (Anoedioporpa) browni; fourth instar larva. 
Culex (Anoedioporpa) bamborum; male genitalia, pupa. 
Culex (Anoedioporpa) bamborum; fourth instar larva. 
Culex (Anoedioporpa) chaguanco; male genitalia, pupa. 
Culex (Anoedioporpa) chaguanco; fourth instar larva. 
Culex (Anoedioporpa) originator; male genitalia, pupa. 
Culex (Anoedioporpa) originator; fourth instar larva. 
Culex (Anoedioporpa) corrigani; male genitalia, pupa. 
Culex (Anoedioporpa) corrigani; fourth instar larva. 


Culex (Anoedioporpa) canaanensis, damascenoi, belemensis, luteopleurus ; male 
genitalia. 


Distribution of Restrictor Group of Anoedioporpa. 


Culex (Anoedioporpa) restrictor; male and female heads and claws; female 
thorax, wing, legs. 


Culex (Anoedioporpa) restrictor; male genitalia, pupa. 
Culex (Anoedioporpa) restrictor; fourth instar larva. 
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CONSPECTUS OF TAXONOMIC CHANGES 
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New Synonymies 


menui Clastrier 1971, to synonymy with damascenoi Duret 1969. p 43. 


paganus Evans 1923, to synonymy with conservator Dyar & Knab 1906. p 37-38. 
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MEDICAL ENTOMOLOGY STUDIES - XII. 


A REVISION OF THE AEDES SCUTELLARIS GROUP OF TONGA 
(DIPTERA: CULICIDAE). 1 


by 


Yiau-Min Huang2 and James C. Hitchcock 


ABSTRACT 


This revision of the Aedes scutellaris group of Tonga is based on the 
examination of more than 9, 000 specimens (including 1, 866 individual rearings 
with associated pupal and/or larval skins) of 3 species and one subspecies. 
The group is defined and keys to the identification of the species of the group 
in the Fiji-Tonga-Samoa area are provided and their geographical ranges pre- 
sented. 

Aedes (Stegomyia) kesseli, a new species from Tafahi Island, is recog- 
nized. Aedes cooki Belkin (1962) is shown to be distinct and Ae. tabu 
Ramalingam and Belkin (1965) is considered a subspecies of tongae Edwards 
(1926). 

The known stages of the 3 species and one subspecies in Tonga are des- 
cribed or redescribed and illustrated and information on type-data, distribu- 
tion, bionomics, medical importance and a taxonomic discussion of all 4 spe- 
cies and subspecies are presented. 

The male, female, pupa and larva of kesseli n. sp., the pupa and larva of 
tongae tongae, and the male, female and female terminalia of cooki, tongae 
tabu and tongae tongae are described and illustrated for the first time. 

New records include: cooki from Niuafo'ou Island and Vava'u Group, 
kesseli from Tafahi Island and Niuatoputapu, tongae tabu from Pangaimotu 


This study was supported jointly by Research Contract No. DAMD-17-74C- 
4086 from the U. S. Army Medical Research and Development Command, 
Office of the Surgeon General, Ft. Detrick, MD 21701 and the Division of 
Malaria and other Parasitic Diseases, World Health Organization, Geneva, 
Switzerland. 


2 Medical Entomology Project, Department of Entomology, Smithsonian Insti- 
tution, Washington, DC 20560. 


3 Formerly Scientist, Division of Malaria and Other Parasitic Diseases, 
World Health Organization. Present address: P. O. Box 1288, Nevada 
City, CA 95959. 
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Island, in Tongatapu Group, and tongae tongae from Lifuka Island, Luahoko 
Island, Ha'ano Island, Foa Island, Limu Island, Luangahu Island, Nukunamo 
Island, Tatafa Island, Tofanga Island, Uanukuhahake Island, Uanukuhihifo 
Island, Uiha Island, and Uoleva Island, in the Ha'apai Group. 

Information is presented on the bionomics and medical importance of the 
above species and subspecies based on field studies conducted by James C. 
Hitchcock in Tonga from 1968-73. Special emphasis is placed upon immature 
habitats, relative abundance of each member of the group, composition of 
associated invertebrate fauna, biting behavior, fecundity and gonotropic cycle. 
The role of the scutellaris group in the transmission of filariasis and dengue 
viruses in Tonga is discussed. 


INTRODUCTION 


Members of the scutellavis group of the subgenus Stegomyia Theobald, 
genus Aedes Meigen serve as the primary vectors of subperiodic Wucherervia 
bancrofti (Cobbold) on many islands of the South Pacific. A thorough study to 
determine the species of mosquitoes present in the area and to develop adequate 
and reliable methods for recognizing them became evident and led to this tax- 
onomic revision of the group in the area. The accompanying biological data 
was summarized from field observations conducted by the junior author during 
a 5 year period under the auspices of the World Health Organization (WHO). 

The taxonomic study of the scutellaris group of the South Pacific at the 
Southeast Asia Mosquito Project (SEAMP) and later the Medical Entomology 
Project (MEP) directly related to the WHO Aedes scutellaris project in that 
area. It concentrated mainly on the Tonga area which is the most critical for 
a detailed study of the tongae complex. Aedes tongae Edwards is one of the 
most important vectors of subperiodic filariasis in the South Pacific. Unfor- 
tunately, there has been some taxonomic confusion in the past (see Huang 1972a, 
1975). The present study clarifies the situation and also provides a better 
definition of the identity of these mosquitoes. 

This study was based primarily on specimens accumulated by the Southeast 
Asia Mosquito Project and the Medical Entomology Project, Department of 
Entomology, Smithsonian Institution. Most of this material was from: 

(1) progeny rearings by SEAMP and MEP; (2) individual rearings and progeny 
rearings from the field made by James C. Hitchcock, World Health Organiza- 
tion; (3) individual rearings from the field made by James C. Hitchcock (per- 
sonal collection). Unless otherwise indicated in the DISTRIBUTION sections, 
all individual rearings were conducted in the field. Additional material was 
borrowed largely from the John N. Belkin collection at the University of Cali- 
fornia at Los Angeles (UCLA)*, and a few from the British Museum (Natural 
History) (BMNH) and United States National Museum (USNM). 

The nomenclature chosen for the chaetotaxy of the larva and pupa and the 
terminology of structural parts of the adult largely follows that of Belkin 
(1962) and Huang (1977b). Scientific names of plants have been verified in 
Yuncker (1959). 

An asterisk (*) following the abbreviation used (co = male, ? = female, 

P = pupa, L = larva and E = egg) indicates that all or some portion of that sex 


*In May 1976, the South Pacific Culicidae from this collection were transferred 
to the USNM. 
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or stage is illustrated. Abbreviations used for the references to the literature 
conform to the 1978 ''Serial sources for the BIOSIS data base, '' BioSciences 
Information Service, Philadelphia, PA. 

Distribution records are indicated as follows: Country names are in capital 
letters, island group and island names are in italics and place names have the 
first letter capitalized. The letters, 1 = larval skin, p = pupal skin and L = 
whole 4th stage larva. 

The information on distribution presented in this paper is entirely based on 
specimens which we have examined. 

The Aedes scutellaris group of Tonga is described. Three species and one 
subspecies of the scutellaris group, of which one species (kesseli) is described 
as new, 2 species (cooki and tongae) are revalidated, and one species (tabu) is 
reduced to subspecies status, are recognized from the Tonga islands. All 
known stages of the above species and subspecies are described or redescribed 
and illustrated. These 4 taxa are recorded for the first time from certain 
islands. Keys to the identification of the species of the scutellaris group in the 
Fiji- Tonga-Samoa area are provided and their geographical ranges are pre- 
sented on Map VIII*. 


DEFINITION OF THE AEDES SCUTELLARIS GROUP OF TONGA 


The Aedes scutellaris group is characterized by the following combination 
of characters: 

MALE. Head. Proboscis dark scaled, with or without some pale scales on 
the ventral side, slightly longer to longer than forefemur; palpus dark, slightly 
shorter to shorter than proboscis, with a white basal band on each of segments 
2-5; those on segments 4,5 dorsally incomplete; segments 4,5 subequal, slender, 
upturned, and with only a few short setae; antenna plumose, shorter than pro- 
poscis; clypeus bare; torus covered with white scales except dorsally; decum- 
bent scales of vertex broad and flat; erect forked scales dark, not numerous, 
restricted to occiput, vertex with a median stripe of broad white scales, with 
broad dark scales on each side interrupted by a lateral stripe of broad white 
scales followed ventrally by a patch of broad white ones. Thorax. Scutum 
with narrow dark scales and a distinct, median longitudinal stripe of narrow 
white scales; median stripe from anterior margin, narrowing slightly posteri- 
orly and reaching beginning of prescutellar space; prescutellar line present or 
absent, with a few narrow golden yellowish scales or pale yellowish scales; 
posterior dorsocentral line present or well developed, with some narrow golden 
yellowish scales or pale yellowish scales; supraalar line with broad white 
scales; acrostichal bristles absent, dorsocentral bristles present, scutellum 
with broad white scales on all lobes and with a few broad dark scales at apex of 
midlobe, anterior pronotum with broad white scales; posterior pronotum with 
narrow dark scales on upper portion and with broad white scales on lower por- 


*Editor's note: After this manuscript was completed, Hoyer and Rozeboom 
(1977) published a paper on the genetic affinities between several species or 
populations of the Ae. (Stg.) scutellaris group by comparison of insemination 
rates, fecundity, egg fertility and larva-to-adult survival of parental and 
crossbred populations. They indicated that 4 autogenous populations from 
Niue and the Tonga islands (Ae. cooki, tongae tabu and kesselin. sp.) are 
closely related and belong to a single polymorphic species. -R. A.W. 
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tion forming a white stripe instead of a white patch; paratergite with broad 
white scales, postspiracular and subspiracular areas without scales; patches 
of broad white scales on propleuron, on the upper and lower portions of ster- 
nopleuron and on the upper portion of mesepimeron; lower mesepimeron with 
or without scales, upper sternopleural scale patch reaches to anterior corner 
of sternopleuron, lower mesepimeral scale patch of small, medium, or large 
size and well separated from, or narrowly connected to the upper mesepimer- 
al scale patch; lower mesepimeron without bristles; metameron bare. Wing. 
With dark scales on all veins except for a minute basal spot of white scales 

on costa; cell Ro about 1.5 length of Ro,3. Halter. With dark scales. Legs. 
Coxae with patches of white scales; knee spots present on all femora; fore- 
and midfemora anteriorly dark; hindfemur anteriorly with a white, longitudinal 
stripe which widens at base and is separated from apical white scale patch; all 
tibiae anteriorly dark; fore- and midtarsi with basal white bands on tarsomeres 
1,2, or sometimes on tarsomere 1 only; hindtarsus with basal white bands on 
tarsomeres 1-4; tarsomere 5 all white, or sometimes with a few dark scales at 
tip on ventral side; sometimes hindtarsus with basal white band on tarsomere 4 
interrupted by a few dark scales on ventral side as well, or basal white bands 
on tarsomeres 4, 5 interrupted by a stripe of dark scales on ventral side; some- 
times hindtarsus with basal white bands on tarsomeres 2-5 interrupted by a 
stripe of dark scales on ventral side; fore- and midlegs with tarsal claws 
unequal, the larger one toothed, the smaller one simple; hindleg with tarsal 
claws equal, simple. Abdomen. Segment I with white scales on laterotergite, 
with or without a median pale spot; tergum II with basal lateral white spots, 
with or without a basal median spot; terga II-VI each with a sub-basal 

median pale yellowish or white spot and with lateral white spots which are 
turned dorsomesally, or terga III-VI each with a complete or incomplete sub- 
basal white or pale yellowish band and with lateral white spots which are 
turned dorsomesally and connected to sub-basal white or pale yellowish bands; 
or terga III- VI each with a complete sub-basal transverse pale band and with 
lateral white spots which are connected to the tergal band; tergum VII with 
lateral white spots only, or with a sub-basal median spot as well, or with 
sub-basal transverse complete or dotted band; sternum VIII largely covered 
with white scales. Terminalia. Basimere 3.5-3.8 as long as wide, scales 
restricted to dorsolateral, lateral and ventral areas, with a patch of setae on 
the basomesal area of dorsal surface, mesal surface membranous; claspette 
simple, slender, sternal and tergal sides parallel, with modified setae, 4-7 
in a row on apical 0. 16-0. 25 of sternal side, lateral surface with fine setae 
extending basad to about level of modified setae, or to 0. 25-0. 40 of the entire 
claspette length, apex tergally with setae about 0.5 length of entire claspette; 
distimere simple, elongate, length of basimere, with a spiniform process and 
a few setae near apex; aedeagus with a distinct sclerotized lateral toothed 
plate on each side; paraproct without teeth; cercal setae absent; apical margin 
of tergum IX with middle rounded or truncated and with a hairy lobe on each 
Side. 

FEMALE. Essentially as in the male, differing in the following respects: 
Head, Palpus 4-segmented, about 0.2 length of proboscis, with white scales 
on apical half, or less, or more. Wing. With cell Ro about 2.0 length of 
R913. Legs. Fore- and midlegs with tarsal claws equal, simple. Abdomen. 
Terga II- VII with basal lateral white spots which are turned dorsomesally; 
terga II-VII all dark dorsally, with basal lateral white spots only, or terga 
IfI-V with not very distinct sub-basal pale yellowish spots as well, or terga 
IiI- V with distinct sub-basal (sometimes basal on tergum III) median pale spots 
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as well, or terga III-V with incomplete, or dotted sub-basal pale yellowish bands 
connected to lateral white spots, or terga III-V with complete or dotted sub- 
basal transverse pale bands and connected to lateral white spots; tergum VI 
with lateral white spots only, or with a sub-basal median pale spot and with 
lateral white spots which are turned dorsomesally, or with a sub-basal trans- 
verse complete or dotted pale band and connected to the lateral white spots; 
segment VIII completely retracted. Terminalia. Apical margin of sternum 
VIII with a deep U-shaped notch at middle and with conspicuous rounded lateral 
lobes; insula longer than broad, with minute setae and with 6-8 larger setae 

on apical 0.4; tergum IX with well-developed lateral lobes, each with 3-6 setae, 
apical margin of postgenital plate with a shallow notch; cerci short and broad, 

3 spermathecae, one larger than the other 2. 

PUPA. Cephalothorvax. Trumpet 3.0-4.0 as long as wide at the middle; 
setae 1,2-C usually single (1,2), 3-C single, 1,3-C longer than 2-C, 4-C 
usually double (1-3), 5-C usually double (1-4), 6-C single, stout, much 
stouter than 7-C, 7-C single or double, 8-C with 1-8 branches, 9-C 
single, 10-C with 1-6 branches, mesad and caudad of 11-C, 11-C single, 
stout, 12-C with 1-3 branches. Abdomen. Seta 1-I well developed, with 
more than 10 branches, dendritic, 2-I single, 3-I single, long, 2,3-I not 
widely separated, distance between them same as the distance between 4, 
5-I; 1-II with 4-16 branches; 1-III usually double (1-6); 3-II,III single, 
shorter than segment III; 1-IV single or double; 2-IV, V mesad of 1-IV,V; 
5-IV,V single or double; 5-IV-VI usually short, not reaching beyond pos- 
terior margin of following segment, or sometimes 5-IV,V long, reaching 
beyond posterior margin of following segment; 9-I-V small, single, sim- 
ple; 9-VI, VII usually single, simple or barbed, or sometimes 9-VI, VII 
double, much stouter and longer than preceding ones; 9-VIII with 2-8 
branches, each barbed, or 9-VIII with 2,3 main stems (2-6) and lateral 
branches of various lengths. Paddle. Margins with fringe; apex rounded 
or produced; seta 1-P single. 

LARVA. Head. Antenna less than 0.5 length of head, without spicules; 
seta 1-A inserted near middle of shaft, single; inner mouth brushes pectinate 
at tip; 4-C well developed, branched, closer to 6-C than 5-C, cephalad and 
mesad of 6-C, 5-C single, long, 6-C single or double, 7-C with 2-4 branches, 
8,9-C single, 10,13-C single or double, 11-C with 2-5 branches, 12-C usually 
double, 14,15-C with 2,3 branches; mentum with 9-13 teeth on each side. 
Thorax. Setae 1, 7-P with 2,3 branches, 2,6,9,11-P single, 3-P double, 4-P 
usually double (2,3), 5-P single or double, 14-P with 2-4 branches; 5-M usually 
double, rarely single, 6-M with 3-6 branches, 7-M single, 8-M with 4-7 
branches, 9-M with 2-4 branches, 10,12-M single, long, stout, 11-M single, 
small; 7-T with 4-8 branches, 9-T with 2,3 branches, 10,11-T similar to 
those on mesothorax, 12-T much reduced. Abdomen. Seta 6-I, II with 3-5 
branches; 7-I single or double; 7-II with 2,3 branches; 6-III-V usually double 
(2,3); 6-VI single or double; 1-VII usually 3-branched (2-4), 2-VII single or 
double; 2-VIII distant from 1-VIII, 2,4-VIII single, 1,3, 5-VIII with 3-5 bran- 
ches; comb of 8-16 scales, in a single row, each scale with fine denticles at 
the base of the apical spine, sometimes comb scale with apical spine split at 
tip. Anal segment with saddle complete or incomplete; marginal spicules 
present; 1-X usually 2-branched (2,3), 2-X with 2-4 branches, 3-X single or 
double; ventral brush with 4 pairs of setae on grid, 4a,b-X with 1-4 branches, 
4c,d-X with 2-4 branches; no precratal tufts; anal papillae 1. 5-3. 5 length of 
saddle, the dorsal pair longer than the ventral pair, sausage-like. Siphon. 
Short, about 2.0-2.6 as long as wide, acus absent; pecten teeth 8-20, evenly 
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spaced, each tooth with 1, 2 large and 1,2 small basal denticles; seta 1-S with 
2-95 branches, inserted beyond last tooth and beyond the middle of the siphon. 

DISTRIBUTION. The scutellaris group of Tonga is confined to the Tonga 
islands and Niue Island, in the South Pacific. It is found from Tafahi Island 
in the north, to Eua Island in the south, and from Niue Island in the east, to 
Niuafo'ou Island in the northwestern corner (Map VII). 

TAXONOMIC DISCUSSION. At present, the scutellavis group comprises 
3 species and one subspecies: cooki Belkin, kesselin. sp., tongae tongae 
Edwards and tongae tabu Ramalingam and Belkin. Aedes cooki is found within 
the Fiji-Tonga-Samoa area while Resseli, tongae tongae and tongae tabu are 
restricted to Tonga. 

In the identification of the members of the group in Tonga, a combination 
of male terminalia and larval characters are the most promising. All adults 
treated in this revision are very similar and those of each taxon are extremely 
variable, particularly in ornamentation of the abdomen. Consequently, speci- 
fic and subspecific identification of single specimens is frequently difficult or 
impossible. The male terminalia of most members are distinct, but the dif- 
ferences between them tend to be very slight and often not of sufficient magni- 
tude to provide definite identification. The same applies to the immature stages 
so that for an accurate identification or determination of the members of the 
scutellaris group of Tonga, all stages must be examined. 


KEYS TO THE SPECIES OF THE AEDES SCUTELLARIS GROUP 
IN FIJI-TONGA-SAMOA 


ADULTS (MALES AND FEMALES) 


I. Supraalar white line complete, with broad flat scales over wing root; 
midlobe of scutellum with broad white scales and with dark 
HeiCal GCale@s (Mig. 200. ee ae ee Oe ee 2 
Supraalar white line more or less complete, with only narrow scales 
over wing root; midlobe of scutellum with all broad white scales 
and without dark apical scales (Fig. 16)...... futunae Belkin 


2(1). Lower mesepimeral white scale patch absent or very small, with no 
more than 6 scales. 63 ee ee a ae ee. 3 
Lower mesepimeral white scale patch well developed, with more than 
BSCS er re Ps 5 


3(2). Hindtarsomere 4 with basal 0.75 or more white (Fig. 16). 
votumae Belkin 
Hindtarsomere 4 with basal 0.70 or less white. ......... 


4(3). Dorsal surface of hindfemur with basal 0.25 or more white (Fig. 16). 
kesselin. sp. (in part) (p. 23) 
Dorsal surface of hindfemur with basal 0.12 or less white (Fig. 16). 


upolensis Marks 


5(2). Lateral prescutal white line present, or at least with some narrow 
white scales on scutal angle area (Fig. 23). 
pseudoscutellaris (Theobald) 
Lateral prescutal white line not present. ............. 6 


6(5). 


7(6). 


8(7). 


9(8). 


10(9). 


11(9). 
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Subspiracular area with scales (Fig. 16). ... horvrescens Edwards 
Subspiracular: area without scales tore ee t 


Males (See Key to Male Terminalia) 
FOMAIOS 6 eo ee a ee ag 8 


Dorsal surface of hindfemur with basal area all dark or at most 0.07 


white (Rig 16)) 30 toe ols Bree polynesiensis Marks 
Dorsal surface of hindfemur with basal area 0.10 or more white 
CPi TG yg as ETE OT OU Ca AE ee aa ae 9 


Lateral white spots on abdominal terga VI, VII extending considerable 
distance dorsad (best seen from dorsal aspect); abdominal tergum 
VI usually (80% or more) with a complete or dotted sub-basal trans- 
verse pale band and connected to the lateral white spots (Fig. 15). 

10 

Lateral white spots on abdominal terga VI, VII with only a short dorsal 
projection (best seen from dorsal aspect); abdominal tergum VI 
usually (80% or more) without a complete or dotted sub-basal 
transverse saleband (Pte. 15 )i ou: ciety a es ee ee as 11 


Scutum with a prominent median longitudinal white stripe; abdominal 
tergal bandings usually curved up, basal at middle and sub-basal 
on lateral sides; dorsal surface of hindfemur usually with basal at 
least 0.20 white (Fig. 15), ..... tongae tongae Edwards (p. 35) 

Scutum usually with a rather narrow median longitudinal white stripe; 
abdominal tergal bandings usually rather narrow and straight, sub- 
basal at middle and lateral sides; dorsal surface of hindfemur 
usually with basal at most 0.15 white (Fig. 15). 

tongae tabu Ramalingam and Belkin (p. 45) 


Abdominal terga II- VII usually with basal lateral white spots only, or 
sometimes terga III-V with not very distinct sub-basal pale yellowish 
spotsias well:(Pigy: 1B)o wie new, kesseli n. sp. (in part) (p. 23) 

Abdominal terga III-V usually with sub-basal (sometimes basal on ter- 
gum III) median pale spots, or sometimes with incomplete or dotted 
sub-basal pale yellowish bands connected to lateral white spots 
CPi 18) ee a VL eee onl cooki Belkin (p. 10) 


MALE TERMINALIA 


CT eperte win MOC ed SELAG oe bi es wl ey oak ee erceon 8 oe La 2 
Claspette without modified setae (best seen from sternal aspect of 
dissected claspette) (Fig. 21, 23) ..... polynesiensis Marks 
Claspette distinctly apically expanded (Figs. 17, 19). ....... 3 
Claspette ‘slightly apically expanded 6.0. ek Pe ea. 4 


Claspette strongly compressed, with a row of modified setae along api- 
cal margin from apicotergal to apicosternal angles in lateral aspect 
(dissented). (Pigs (IO yon siewieswieile «bs horrescens Edwards 


4(2). 


5(4). 


6(5). 


7(6). 


8(7). 


9(7). 
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Claspette with expanded apical portion facing laterad, with numerous 
setae and with several modified setae on mesal angle of expanded 
apical portion in lateral aspect (dissected) (Fig. 17). 

futunae Belkin 


Claspette short, sternally truncated, with a distinct oval face in sternal 
aspect (dissected), with numerous setae and with 3-5 spine-like 
modified setae on mesal side of oval face (Fig. 26). 

rotumae Belkin 
Claspette rather elongate, apically rounded. ............ 5) 


Claspette with poorly developed, slender, apically attenuate or curved 
modified setae on sternal side in lateral aspect (dissected) 


Cee Se ee a Se upolensis Marks 
Claspette with distinctly flattened, sharply pointed modified setae on 
sternal side in lateral aspect (dissected). .......+.+.... 6 


‘Lateral surface of claspette with setae extending basad to about 0.5 of 


the entire claspette length (Fig. 24). 
pseudoscutellaris (Theobald) 
Lateral surface of claspette with setae extending basad to at most 0.4 
Of the entire claspette lengen, a) Oe eae 7 


Claspette with 4 or 5 modified setae in a row on apical 0. 16-0. 20 of 
sternal side, the modified setae rather slender, without a basoster- 
nal angle in lateral aspect (dissected) (Figs. 1, 4)........ 8 

Claspette with 5-7 modified setae in a row on apical 0. 20-0. 25 of 
sternal side, the modified setae rather stout and distinct; with a 
basosternal angle in lateral aspect (dissected) (Figs. 7, 10). . 9 


Tergum IX usually with middle rounded (Fig. 1). . cooki Belkin (p. 10) 
Tergum IX with middle truncated (Fig. 4)... . kesselin. sp. (p. 28) 


Lateral surface of claspette with setae extending basad to about level 
of modified setae, or to 0.33 of the entire claspette length (Fig. 7). 
tongae tongae Edwards (p. 35) 
Lateral surface of claspette with setae extending basad to 0, 28-0. 40 
of the entire claspette length (Fig. 10). 
tongae tabu Ramalingam and Belkin (p. 45) 


PUPAE 
Seta 9-VI much stouter than 9-V, at least 2.0 length of 9-V.... 2 
Seta 9-VI about as thick as 9-V, less than 2.0 length of 9-V (Fig. 17). 


futunae Belkin 


Seta 1-H usually primarily branched.) Pi a ee Se ewe 3 
peta 1-Hoarsially secondarily branched. .0c06 eo Re a ee 4 


Seta 9-VI, VII usually single, simple; 5-IV, V usually single (Figs. 24, 
OO ee pseudoscutellaris (Theobald), votumae Belkin 


6(2). 


7(6). 


8(1). 


9(8). 


10(9). 
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Seta 9-VI, VII usually double; 5-IV, V usually double (Fig. 19). 
horrescens Edwards 


Seta 9-VI, VII usually single, slender and simple (Figs. 4, 28). 
upolensis Marks kesselin. sp. (p. 23) 
Seta 9-VI, VII usually single, stout and barbed or forked attip. .. 5 


Seta 5-IV, V usually single (Figs. 7, 10, 21). . polynesiensis Marks 
tongae tongae Edwards (p. 35) 
tongae tabu Ramalingam and Belkin (p. 45) 

Seta 5-IV, V usually double (Fig. 1)........ cooki Belkin (p. 10) 


FOURTH STAGE LARVAE 


SR CCLE VORLDIOTE iil a. ait alta eiais aay CaN ty oar ie Rea ee eal ea Na el ak oR att 2 
SACLE TACOMBIOO ogg a) eaten: eco teme ee er it ae Pe yh biel MONE a en 8 
seta SM. SUNG 1 yy gsi koh ele act eee By lal eri nie eae set ey he 3 
OUTS, O—TVE COU nicl S.-i win age Saal wheel Ha ee a eu pith mecipei ay lpll's 6 
Seta 4a,b-X single (Fig. 25),..... pseudoscutellaris (Theobald) 
Seta! 4a, We 2 DEAN CG ys dalh So larcrbio ail cayi-te! ol eekitatna ll SN Bee punta per sol atu oe A 
Comb scale with fine denticles or fringes at base of apical spine 

CED Fee annie ah Sar Vals ately ae plea: yok lai daly dai ah a polynesiensis Marks 
Comb scale with coarser denticles at base of apical spine. ..... 5D 


Pecten tooth with very strong basal anterior denticles (Fig. 20) 
horrescens Edwards 
Pecten tooth with rather small basal anterior denticles (Fig. 27) 
rotumae Belkin 


Setae 4a,)-X usually single or COUDLe a 4 Gel wi) ai ae wie, euler Wee oe 4 
Setae 4a,b-X usually with 3 branches (2-4) (Fig. 2). 
cooki Belkin (p. 10) 


Setae 4a,b-X usually single (1,2) (Fig. 11). 
tongae tabu Ramalingam and Belkin (p. 45) 
Setae 4a,b-X usually double (1, 2) (Fig. 8) 
tongae tongae Edwards (p. 35) 


Sta Ba, SMG Ces Aung olairw wae ae Re abe OE Peden alc Wallis form* 
Set. Tie CHa eG Heh uate) Ota gk aces ang AMM lg ut Me oA nua git ak Hi SAL 9 


Pecten tooth with broad main shaft and apically frayed (Fig. 18). 
futunae Belkin 


Pecten tooth with very slender main shaft and apically pointed. . . 10 
Bota: 1b P mv Gent (i ee ile bleak tae, bles alieaiie nels upolensis Marks 
Seta: las Palneent (Pe Be. br i'd hae dla Malden! eee kesselin. sp. (p. 28) 


*See Belkin 1962: 480. 
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DESCRIPTIONS, BIONOMICS AND MEDICAL IMPORTANCE 
OF THE SPECIES OCCURRING IN TONGA 


AEDES (STEGOMYIA) COOKI BELKIN 
(Pies 12-9; 19,°14- 15; 16) 


Aedes (Stegomyia) cooki Belkin 1962: 454 (o’*, 9, P*, L*). 


MALE. Head. Proboscis dark scaled, with some pale scales on the ven- 
tral side (proboscis in Niuafo'ou specimens sometimes without such scales), 
longer than forefemur; palpus 5-segmented, dark, shorter than proboscis, 
with a white basal band on each of segments 2-5; those on segments 4, 5 dor- 
sally incomplete; segments 4,5 subequal, slender, upturned, and with only a 
few short setae; antenna plumose, shorter than proboscis; torus covered with 
white scales except on dorsal side; clypeus bare; decumbent scales of vertex 
all broad arid flat; erect forked scales dark, not numerous, restricted to 
occiput; vertex with a median stripe of broad white scales, with broad dark 
ones on each side interrupted by a lateral stripe of broad white scales followed 
ventrally by a patch of broad white scales. Thorax. Scutum with narrow dark 
scales and a distinct median longitudinal stripe of similar white scales, median 
stripe from anterior margin, narrows slightly posteriorly and reaches to the 
beginning of the prescutellar space; prescutellar line with a few narrow pale 
yellowish scales (Niuafo'ou specimens usually lack prescutellar line); posterior 
dorsocentral line developed, with some narrow pale yellowish scales; supra- 
alar line of broad white scales; acrostichal bristles absent; dorsocentral 
bristles present; scutellum with broad white scales on all lobes and with a few 
broad dark scales at apex of midlobe; anterior pronotum with broad white 
scales; posterior pronotum with narrow dark scales on upper portion and with 
broad white scales on lower portion forming a white stripe instead of a white 
patch; paratergite with broad white scales; postspiracular area without scales, 
subspiracular area without scales; patches of broad white scales on propleuron, 
on the upper and lower portions of sternopleuron and on the upper and lower 
portions of mesepimeron; upper sternopleural scale patch reaches to anterior 
corner of sternopleuron; lower mesepimeral scale patch small, or medium 
sized (Niuafo'ou specimens lower mesepimeral scale patch usually small) and 
separated from upper mesepimeral scale patch, or sometimes narrowly 
connected; lower mesepimeron without setae; metameron bare. Wing. With 
dark scales on all veins except for a minute basal spot of white scales on costa; 
cell Ro about 1.5 length of Ro9,3. Halter. With dark scales. Legs (Fig. 16). 
Coxae with patches of white scales; knee spots present on all femora; fore- and 
midfemora anteriorly dark; hindfemur anteriorly with a broad white longitudinal 
stripe which widens at basal 0.33-0.50 and is separated from apical white scale 
patch; all tibiae anteriorly dark; fore- and midtarsi with basal white bands on 
tarsomeres 1,2 (Niuafo'ou and Niue specimens sometimes have fore- and mid- 
tarsi with basal white bands only on tarsomere 1); hindtarsus with basal white 
bands on tarsomeres 1-4, the ratio of length of white band to the total length of 
tarsomere is 0.33, 0.33, 0.40 and 0. 50-0.60; tarsomere 5 entirely white, or 
sometimes with a few dark scales at tip on ventral side; sometimes hindtarsus 
with basal white band on tarsomere 4 interrupted by a few dark scales on ven- 
tral side as well (Niuafo'ou specimens), or basal white bands on tarsomeres 
4, 5 interrupted by a stripe of dark scales onventral side (Vava'u and Niue speci- 
mens); sometimes hindtarsus with basal white bands on tarsomeres 2-5 interrupt- 
ed by astripe of dark scales on ventral side (Nieu specimens); fore- and midlegs 
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with tarsal claws unequal, the larger one toothed, the smaller one simple; hindleg 
with tarsal claws equal, simple. Abdomen (Fig. 14). SegmentI with white scales 
on laterotergite, rarely witha large median pale spotas well; tergum II with baso- 
lateral white spots only, or sometimes with a basal median spot as well; terga III- VI 
each witha complete or incomplete sub-basal white or pale yellowish band and with 
lateral white spots which are turned dorsomesally and connected to sub-basal white 
or pale yellowish bands; sometimes tergum VI with a sub-basal median pale spot 
and with lateral white spots which are turned dorsomesally; tergum VII with lateral 
white spots which are turned dorsomesally; tergum VII with lateral white spots only 
or sometimes with a small subbasal median spot as well; sternum VIII largely cov- 
ered with white scales. Terminalia (Figs. 1, 13). Basimere3.8aslongas wide, 
scales restricted to dorsolateral, lateral and ventral areas, with a patch of 
setae on the basomesal area of dorsal surface, mesal surface membranous; 
claspette simple, slender, sternal and tergal sides parallel, apically rounded, 
with 4 or 5 modified setae in a row on apical 0.16-0.20 of sternal side, lateral 
surface with fine setae extending basad to about level of modified setae, or to 
0.25 of the entire claspette length, apex tergally with setae about 0.5 length of 
entire claspette length; distimere simple, elongate, length of basimere, slightly 
swollen near tip, with a spiniform process and a few setae near apex; aedeagus 
with a distinct sclerotized lateral toothed plate on each side; paraproct without 
teeth; cercal setae absent; apical margin of tergum IX with middle rounded and 
with a hairy lobe on each side. 

FEMALE. Essentially as in the male, differing in the following respects: 
Head. Palpus 4-segmented, about 0.2 length of proboscis, with white scales 
on apical half or less. Wing. With cell Ro about 2.0 length of Ro.3. Legs. 
Fore- and midlegs with tarsal claws equal, simple. Abdomen (Fig. 15). Ter- 
sum I sometimes with a large median pale spot as well; terga II- VII with basal 
lateral white spots which are dorsomesally turned; terga III-V usually with 
subbasal (sometimes basal on tergum III) median pale spots as well, or some- 
times terga III- V with incomplete or dotted subbasal pale yellowish bands con- 
nected to lateral white spots, rarely terga III-V with complete subbasal pale 
yellowish bands connected to lateral white spots; sometimes terga II- VII 
dorsally dark; segment VIII completely retracted. Terminalia (Fig. 3). Api- 
cal margin of sternum VIII with a deep U-shaped notch at middle and with con- 
spicuous rounded lateral lobes; insula longer than broad, with minute setae 
and with 6 or 7 larger ones on apical 0.4; apical margin of tergum IX with 
well-developed lateral lobes, each with 4 (3-5) setae; apical margin of post- 
genital plate with a shallow notch; cerci short ene broad; 3 spermathecae, one 
larger than the other 2. 

PUPA (Fig. 1). Cephalothorax. Trumpet about 4.0 as long as wide at the 
middle; setae 1,2, 7-C usually single (1,2), 3-C single; 1,3-C longer than 2-C, 
4-C usually double (1-3), 5-C usually double (1-4), 6-C single, stout, much 
stouter than 7-C, 8-C usually with 3,4 branches, 9-C single, long, 10-C usu- 
ally double (1-5), mesad and caudad of 11-C, 11-C single, stout, 12-C usually 
single (1-3). Abdomen. Seta 1-I well developed, with more than 10 branches, 
dendritic; 2-I single, 3-I single, long, 2,3-I not widely separated, distance 
between them same as the distance between 4, 5-I; 1-II with 6-13 branches, 
1-III usually double (1-3); 3-II, II single, shorter than segment III; 1-IV usually 
double (1,2); 2-IV, V mesad of 1-IV, V; 5-IV, V usually double, or sometimes 
5-IV-VI single; 5-IV-VI short, not reaching beyond posterior margin of follow- 
ing segment; 9-I-V small, single, simple; 9-VI, VII usually single, stout and 
barbed, or sometimes 9-VII double, much stouter and longer than preceding 
ones; 9-VIII with 2-5 branches, each barbed. Paddle. Margins with fringe; 
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seta 1-P single. 

LARVA (Fig. 2). Head. Antenna less than 0.5 length of head, without 
spicules; seta 1-A inserted near middle of shaft, single; inner mouth brushes 
pectinate at tip; 4-C well developed, branched, closer to 6-C than to 5-C, 
cephalad and mesad of 6-C, 5-C single, long, 6-C usually double (1,2), 7-C 
usually 3-branched, 8-10,13-C single, 11-C usually with 2-5 branches, 12-C 
usually double, 14,15-C usually with 2,3 branches; mentum with 9,10 teeth on 
each side. Thorax. Seta 1-P usually 3-branched, 2,6,9,11-P single, 3,4-P 
double, 5-P usually single (1,2), 7-P usually double (2,3), 14-P usually double 
(2,3); 5-M usually double, rarely single, 6-M with 3,4 branches, 7-M single, 
8-M usually with 4-6 branches, 9-M usually 3-branched (3,4), 10,12-M 
single, long, stout, 11-M single, small; 7-T usually with 5,6 branches, 9-T 
usually double (2,3), 10,11-T similar to those on mesothorax, 12-T much 
reduced. Abdomen. Seta 6-I usually 3-branched (3-5), 7-I usually single 
(1,2); 6-II usually 3-branched (3,4), 7-II usually 3-branched (2,3); 6-III-V 
usually double (2,3); 6-VI usually double (1, 2); 1-VII usually 3-branched (3, 4), 
2-VII usually double (1,2); 1-VIII usually with 3,4 branches, 2-VIII distant 
from 1-VIII, 2,4-VIII single, 3-VIII usually 4-branched (3-5), 5-VIII usually 
with 4, 5 branches; comb of 9-15 scales, in a single row, each scale with fine 
denticles at the base of the apical spine, sometimes comb scale with apical 
spine split at tip; anal segment with saddle complete; marginal spicules pres- 
ent; 1-X usually 2-branched (2,3); 2-XK usually with 3,4 branches, sometimes 
2-branched; 3-X usually double (1,2); ventral brush with 4 pairs of setae on 
grid, each seta usually 3-branched (3,4), rarely 2-branched; no precratal tufts; 
anal papillae 1.5-2.0 length of saddle, the dorsal pair longer than the ventral 
pair, sausage-like. Siphon. Short, about 2.3 as long as wide, acus absent; 
pecten teeth 10-19, evenly spaced, each tooth usually with 1 large and 1, 2 
small basal denticles; seta 1-S with 3,4 branches, inserted beyond last tooth 
and beyond the middle of the siphon. 

TYPE-DATA. Aedes Stegomyia) cooki Belkin, holotype male with associ- 
ated terminalia slide (580704-23), in BMNH; type-locality: Niue Island, 
IX-1957 (M. O. T. Iyengar). Allotype female, with same data as holotype, 
except from cistern, collected in X-1957, in BMNH. Paratypes: 13 females, 
5 larvae, with same data as allotype; 1 male with associated terminalia slide 
(580714-7), same data as holotype, collected IX-20-1957; 1 male with associ- 
ated terminalia slide (580714-1), same data as holotype, collected IX-21-1957, 
3 pupae, with same data as holotype, except from coconut shells, collected 
IV-10-1958. 

DISTRIBUTION. This species is known from Niue Island and Tonga. 

In Tonga, we report it for the first time from Niuafo'ou Island and the Vava'u 
Group (Maps III, IV). 

2,659 specimens examined: 5260°, 5259, 1460" terminalia, 09 terminalia, 
650 L, 1051, 54 p, 328 individual rearings (320 1, 328 p). 

NIUE ISLAND. (IX-X-1957, M. O. T. Iyengar), 3c’, 14%, 3c’ terminalia, 
5 L; (IV-1958, M. O. T. Iyengar), 3 p; (V-VI-1973 progeny rearings in USMN), 
780", 662, 390’ terminalia, 59 terminalia, 28 L, 145 individual rearings (144 
1, 145 p); (VII-1973 individual rearings), 1790, 1699, 10c’ terminalia, 434 L, 
TL 35 p. 

TONGA. Niuafo'ou Island, (XI-1972-I-1973 progeny rearings in USNM), 
140°, 159, 110° terminalia, 14 L, 31 individual rearings (311, 31 p); (1970, 
individual rearings), 40", 39, 1c’ terminalia; (1972 Coll. 70-71), 1180", 1329, 
27%" terminalia, 981, 16 p, 40 individual rearings (33 1, 40 p); Vava'u Group, 
(VII-1975 progeny rearings in USNM), 24c’, 349, 20c’ terminalia, 2 L, 59 in- 


Huang and Hitchcock: Aedes scutellaris group of Tonga 13 


dividual rearings (59 1, 59 p); (1975, individual rearings), 1060", 929, 35c ter- 
minalia, 167 L, 53 individual rearings (53 1, 53 p). 

TAXONOMIC DISCUSSION. This species has been confused in the past 
with tongae, which is apparently restricted to the Ha'apai Group. Although 
cooki closely resembles tongae, it is definitely a distinct species and its male 
terminalia especially are different from those of tongae. The 2 species can 
be fairly readily differentiated in all stages by the characters given in the 
keys. 

Aedes cookiis an extremely variable species. Its affinities appear to be 
with tongae and polynesiensis, but the male terminalia most closely resemble 
those of kesseli, a new species from the Niuatoputapu Group. 

The ornamentation of the adults of cooki is somewhat intermediate between 
polynesiensis and tongae. The pupa is extremely similar to those of poly- 
nesiensis and tongae in seta 9-VI, VII usually single, stout, and barbed, or 
forked at tip. It can be distinguished from those of polynesiensis and tongae 
by seta 5-IV, V which is usually double. The larva is very similar to that of 
polynesiensis but can easily be distinguished from that of polynesiensis by the 
branched condition of seta 5-M. It is also very similar to that of tongae but can 
be distinguished from tongae by setae 4a,b-X which are usually 3-branched 
(2-4). In tongae, setae 4a,b-X are usually double (1, 2). 

At present, cooki is the only known species of the scutellaris group on 
Niue, Niuafo'ou, and the Vava'u Group, in the South Pacific. 

BIONOMICS. Aedes cooki is well established within its range andisa 
common man-biter. The immatures occur in all types of natural and man made 
habitats. It is the commonest mosquito found throughout its range and its first 
batch of eggs can develop autogenously. Aedes cooki is an important vector of 
filariasis and has been found naturally infected with Wuchereria bancrofti and 
Divofilavia immitis Leidy. It is suspected to have been the major vector of 
dengue-2 on Niue Island and is a suspect vector of dengue-1 in the Vava'u group. 
Field studies were made on Niue Island from 18 April to 23 May 1973 and in 
the Vava'u group of Tonga from 12 June to 1 July 1975. Only incidental col- 
lections were made on Niuafo'ou Island on 29 April 1968, 24 September 1970 
and 14 October 1972 during a brief trip ashore, with the main emphasis on 
obtaining biting-landing mosquitoes for colony development. 

Immature habitats. One hundred and sixty potential mosquito immature 
habitats were surveyed for cooki (Niue Island (83), the Vava'u Group (70) in 
Tonga, and Niuafo'ou Island (7) in northern Tonga (see Maps VII and VIII)). 

One hundred and thirty-nine samples were positive for mosquitoes of which 117 
were positive for cooki as shown in Table 1. The 21 sites negative for mos- 
quito larvae were mainly large artifical containers (including 14/24 cisterns). 
The 3 coral rock holes were on Niue and included one coastal rock hole and 2 
on the terrace between 24 and 61 m above sea level. Sixteen of the leaf axil 
collections positive for cooki were on Niue where there is no competition for 
this niche by Ae. oceanicus Belkin or any other member of the Ae. (Finlaya) 
group*. On Vava'u, cooki was collected in association with oceanicus on one 
occasion from Pandanus, while only oceanicus was recovered from the remain- 
ing 14 leaf axil collections made in Vava'u. Among the natural immature habi- 
tats sampled (excluding artificial containers) only 4.2% were negative for mos- 
quitoes, and 80.2% were found with cooki; while 26.6% of the artificial 


*The only other species that occur on Niue are Ae. aegypti (Linnaeus), Culex 
quinquefasciatus Say and Cx. sitiens Wiedemann. ! 
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containers were negative for mosquitoes, with 62.5% positive for cooki. It is 
interesting that on Niue Island only 7.2% of the sampled sites were negative, 
while 90. 4% were positive for cooki as compared to 19.5% and 54.5% in Vav'u 
and Niuafo'ou. This noticeable difference was due to 2 major factors. First, 
the full scale utilization of the leaf axil niche on Niue by cookz in the absence 
of other leaf axil breeders, i.e., 88.9% positive; compared to Vavu'u where 
cookit was competing with oceanicus for the niche, 100% of the leaf axil collec- 
tions were positive for oceanicus while only 1(6.7%) provided cooki which was 
in association with oceanicus. Second, the relatively sterile nature of large 
artificial containers used for water storage (cisterns) where 14 of 19 (73. 7%) 
were negative for mosquitoes in Vava'u, whereas 5 of 5 sampled on Niue were 
positive for cooki. Both Niue Island and the Vava'u group are short of water 
and of necessity employ the use of cistern and large water storage containers, 
which besides providing breeding place for cook2, also provide larval habitats 
for the 2 introduced domestic mosquitoes, Culex quinquefasciatus and Ae. 
aegyptt. 

Relative abundance of cooki in aquatic habitats. Even though only sub- 
samples are taken from any aquatic sites and usually more than one leaf axil 
is sampled in a single collection, the relative abundance among similar sites, 
as well as cross category estimates, can be made by establishing some rather 
arbitrary levels derived from the number of immatures sampled per collec- 
tion.* It was observed that 53.0% of the samples of cooki were considered 
abundant, 17.9% common and 29.1% few (Table 1). 

Among the natural larval habitats it was 58.4%, 19.5% and 22.1% respec- 
tively. Sixty per cent of the tree holes were considered abundant habitats 
with all 10 of the larger tree holes and 38.9% of the smaller tree holes in the 
abundant range. Coconuts represent a niche in which total counts of immatures 
can be obtained. This numerous and prolific niche provided abundant counts in 
74.1% of the samples, with actual counts as high as 393 healthy immature cooki 
from a drinking nut from Pangai Motu, an island in the Vava'u group. The 
highest count on Niue Island was a split coconut with 142 immatures. Only 
35.3% of the leaf axil collections provided abundant counts. These were all 
from giant talo (kape), Alocasia macrorrhiza (Linnaeus) which has larger 
accumulations of water than in either talo, Colocasia esculenta (Linnaeus), or 
Pandanus sp. Artificial containers provided 42.5% abundant, 15.0% common 
and 42.5% few for cooki immatures. However, if we look at the smaller con- 
tainers which more closely resemble natural immature sites we find that 66.7% 
were abundant and only 16.7% few. This compares with 32.1% abundant and 
53.6% few for the larger containers. 

Immature habitat preference. The 3 major natural habitats for immature 
cooki are tree holes, coconuts (either drinking, rat-eaten or split) and leaf 
axils. The order of relative importance of these sites appears to differ in 
each oftheareas. OnNiue, itisleafaxil - treehole - coconut, while on Vava'u, 
it is coconut - tree hole - leaf axil. Although few collections have been made 
on the isolated volcanic island of Niuafo'ou, the order of importance would 
probably be tree hole - coconut - leaf axil. The order of preference depends 
upon the numbers of available sites in the area as well as the possible inter- 
specific competition that is most likely responsible for the full exploitation of 
the leaf axil niche in Niue. Coral rock holes are abundant on Niue and when 


*Abundant = 20+; common = 10-19; few = 1-9 immatures per sample. 
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they hold water (many are permeable), they are effectively utilized by cooki. 
No coral rock holes were observed in Vava'u. Volcanic rock holes are common 
on Niuafo'ou and probably provide excellent conditions for cooki as they do for 
kesseli on Tafahi, however, the only 2 sampled were splashed by waves with 
consequent high salinity and occurrence of Cx. sitiens. Because of the short- 
age of water on these islands, there are many water storage containers which 
provide easily accessible peridomestic habitats for the ubiquitous cookz. In 
Vava'u, the large concrete cisterns appear to be less attractive to cookz than 
other man-made sites and parallels that observed for tongae tabu on Tongatapu. 
Mosquito species composition at larval habitats. In its range, cooki was 
found with 4 other species: Ae. aegypti, Ae. oceanicus, Cx. quinquefasciatus 
and Cx. sitiens. Table 2 summarizes the associations and gives the species 
composition of all immature collections. Of 139 collections positive for Culi- 
cidae: 115 contained cooki, 23 aegypti, 15 oceanicus, 14 quinquefasciatus and 
8 sitiens. Aedes cooki dominated all larval habitats with the exception of those 
too foul. It occurred in 82. 7% of the habitats, with 63.3% containing cooki 
alone. On Niue Island where it is obvous that both aegypti and Cx. quinquefas- 


TABLE 2. Mosquito species composition at larval habitats. 


Species Total Niue Vava'u Niuafo' ou 
(No mosquitoes found) (21) (6) (15) (0) 
Ae. cooki only 88 54 29 9, 
Ae. cookiwith Ae. aegypti 13 12 L 0 
Ae. cooki, Ae. aegypti and 4 1 3 0 
Cx. quinquefasciatus 
Ae. cooki, Ae. aegypti and 4 4 0 0 
Cx. sitiens 
Ae. cooki with Cx. quin- 3 0 3 0 
quefasciatus 
Ae. cookiwith Cx. sitiens 2 2 0 0 
Ae. cookiwith Ae. oceanicus 1 0 1 0 
Ae. aegypti with Cx. quin- 1 0 0 
quefasciatus 
Ae. aegypti only 1 0 1 0 
Cx. quinquefasciatus only 6 3 3 0 
Cx. sitiens only 2 0 0 a 
Ae. oceanicus only 14 0 14 0 
Total 139 76 56 7 


ciatus are recent immigrants, the latter being the most recent, cooki was 
recovered in 96.1% of all collections in a wide variety of habitats, and as 

the only species in 71.1%. For Vava'u, the figures were similar if the 15 leaf 
axil collections, in which oceanicus was omnipresent were extracted, giving 
87.8% and 70.7% respectively; showing that aegypti and Cx. quinquefasciatus 
are also not so well established in the Vava'u group. In both areas, many 
habitats were sampled in peridomestic situations, including numerous arti- 
ficial containers. Only 21 collections positive for Culicidae did not contain 
cooki, including: 14 leaf axil collections in Vava'u, all positive for oceanicus 
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only; 2 collections from volcanic rock holes on Miuafo'ou contained only Cx. 
sitiens; while the remaining 7 were in artificial containers: 3 (2 water troughs 
and a grease trap) on Niue with Cx. quinquefasciatus only; and 4 on Vava'u, 2 
with Cx. quinquefasciatus (cistern and drum), one cistern with aegypti and one 
cistern with both. Aedes cooki was found with other species in only 4 natural 
sites, i.e. with Cx. sitiens in a coconut fragment (Niue), with aegyptiand Cx. 
quinque fasciatus in a drinking coconut (Vava'u), with Cx. quinquefasciatus in 

a split coconut (Vava'u), and with oceanicus in a Pandanus leaf axil collection 
(Vava'u) and 18 artificial container sites. Since artificial containers are so 
diverse in character, and since they are the major habitat where an associa- 
tion of species occurs, the composition of species in the various artificial 
container habitats has been subdivided in Table 3. Forty-seven (73.4%) of 

the artificial containers sampled were positive for Culicidae of which 85.1% 
had cooki, with 21 associated with other species. Only 4 of the 21 associations 
occurred in Vava'u, i.e., a drum with aegypti; a double sink with aegypti and 
Cx. quinquefasciatus and a pot and a wooden bowl with Cx. quinquefasciatus; 
the other 17 associations occurred on Niue and can be derived from Table 3. 

Invertebrate fauna found associated with mosquito larval habitats. Of the 
160 collections, 90.6% provided samples of various invertebrates including: 
86.9% positive for Culicidae and 73.1% for cooki. Eighty samples (50%) con- 
tained species of invertebrates other than mosquitoes, and with the exception 
of 6 collections, in which only non-culicid invertebrates were found, the re- 
mainder were associated with mosquitoes. Table 4 shows the invertebrate 
fauna associated with specific larval habitats. The coconut niche provided the 
greatest diversity of invertebrate taxa as wellas numbers. It included all of 
the phyla recorded as well as all the families of Diptera. The coconut niche 
also provided the greatest variety for single collections. On Niue, from a 
fragment of coconut shell, 6 taxa were found: 3 cooki, 2 Cx. sitiens, Cera- 
topogonidae, a snail, Platyhelminthes and Rotifera. Another 4 collections, 

(2 Niue, 2 Vava'u) provided 5 associations, for example, 2 from Vava'u con- 
tained: 1)a split coconut - 30 cooki, 30 Cecidomyiidae, 25 surface mites, 11 
cyclorrhaphous Diptera larvae, and one Staphylinidae, and, 2) a drinking coco- 
nut - 393 cooki, Ceratopogonidae, Psychodidae, cyclorrhaphous larvae and 
surface mites. A coral rock hole 12.7 x 6.0x 1.9 cm deep, situated 0.76 m 
above the ground also contained 6 taxa: 42 cooki, Ceratopogonidae, an undeter- 
mined orthorrhaphous larva, cyclorrhaphous larvae, Platyhelminthes and sur- 
face mites. The coconut niche was followed by the diverse habitats offered by 
artificial containers and surprisingly, leaf axils. For non-culicid Diptera, the 
coconut niche was the most prolific, followed by tree holes and leaf axils. 

Next to Culicidae and other Diptera, the most ubiquitous invertebrate associ- 
ate was a minute milky white platyhelminth. By far the most significant forms 
obtained in larval habitats were the Diptera which were recorded in all 145 
sites that were positive for invertebrates. Even excluding the target group, 
Culicidae, the order was the most obvious faunal group present with 40. 6% of 
all site collections sampled and 81.3% of the non-culicid samples. Table 4 
also subdivides the Diptera. 

Among the non-arthropods, Platyhelminthes (Turbellaria) were sampled 
on 13 occasions in a variety of sites and included a single specimen of a rela- 
tively large terrestrial Tricladida from a split coconut on Niue, while all other 
samples from Niue and Vava'u contained minute milky white forms, probably 
members of the genus Dendrocoelum. The Aschelminthes, class Rotifera, 
often overlooked because of their size, were nonetheless recorded on 9 occa- 
sions. The Mollusca, class Gastropoda, were all small snails, both discoidal 


Contrib. Amer. Ent. Inst., vol. 17, no. 3, 1980 


18 


A[uo 


snimosvfanbunb °x9 


b | 


A[uo 17¢Asan ‘ay 


ei 


@ ydksav ‘ay 


snymasvfanbuinb *x9 


“snjmosvfanbuinb *x> pue 1y00D ‘ay - [MOq UapooM (¢ 
°30d Suryooo (g pue ‘suzmoasvfanbuinb *x9p pue disap ‘ay ‘24009 ‘ap - yuIs atqnop (), ‘147¢¢sav ‘ay pue 1y009 ‘ay 
- UuIndp uoT[eVs g (g pue ‘30d JaMOTJ (G qn} (Pp ATWO 24009 ‘ay - aT}}0q (¢ pue UINAp JeeyM (Z faATyeSoU - 19};NB JOOY (xx 


‘A[uo snjmasvfanbuinb *x) - SYsno1} JayeMm (9 + G pue ‘dear} asvaa3 (pF ‘suazz7s “xD pue 
19009 ‘ay - ulerp (¢ ‘snzmoasv{anbuinb ‘xD pueizdisan ‘ay ‘214009 ‘ay - yd UOT}EdTAQNI (Z faATyesou - UOTYeEpUNOT (Tx 


Ssualj1s ‘XJ 3 14009 ‘ay 


snjpiasvfanbuinb *x9 


2 14009 ‘ay 


v G GI 
2 T ¢ 
past I = 
; : z 
¢ ae ae 
= = ¢ 
T : T 
: + ¢ 
> @o = 
O: 5 ® - 
s oo. 9 
aS 28 S) 
=o [=o a 
a ~ Ss. ; 
> sb ee 
® ® A 
e 2: ® 
Q mS 
oS B09 5 
= eee 
x = ot S 
: S 


6 


TFN HMO WON 


T 


ATUO 24009 ‘ay 


© 
s 


I~-—w ih © OWN © 


14009 ‘ay IO} aATWSOg 


a 
ed 


Toot n wa es 


re 


S90}INDSOW JOJ 9ATIVS9N 


v9 


wt CO CO I © OE 


pa}.eT[O. Jaquinn 


[e10L 


+ SNOBUPTTI OSTA 

x SNOIULT[IOSTU 3}9.1DUND 
ULL 

OIL 

wniqd 

a0ue) 

UIIISIO 


IIUIVJUOD TRLIOYHIV 


*IQULTCJUOD [VLOTJIZIe JO adAj Aq uOT}ISOdWIOD Satdads OVINDSOW °¢ WIGVL 


19 


Huang and Hitchcock: Aedes scutellaris group of Tonga 


[EX® JeaT [BIOL 


: ce ee - Lh * 3 I T _ (peurustejepun) eydeys10[aAD 
(peululzaj}epun) eydeys10yiIO 
aeprtAuoptoa|D 
seprlolny 
aeptuosodo}jye.iay 
sepIwMIoUuoIIYyD 
sepIpoyoAsd 

SUOISIAIpQns b1ajdIq 


(1) (1) (E)(S) (2) (oz)(t) (11) (eg) (st) (ge) (2) | (eeprortng Surpntoxe ‘e103dIq) 


if I Ol= ST. <P 6c- 4 ST OT Ic g Z er1ajidiq 
- - - Sa ic - - - ~ ~ B1IaydosjoD 


= 2 Se = “ee is = Z ‘s = eyeuopO 
2 a ‘ Z = G o s < p = = BIOqUIAaTIOD 
e1D9SU] 
. a = Se = aS I J ’ ~ - epodo dig 
“s i ee = a p = = = I I ~ Bpluyoely 
epodo1yuyIy 
eprjsuuy 
r 2 BOSNTIONWN 
SoyJUIWeyIsV 
SoyywTwMypoyAyeld 


I 
i 
I 
I 
I 
I 
] 
] 
I 
1 
re 
I 


+ 
rien 
i he A aa 
SO MO oH 
i OF. & 
I NAN 


I 
SHort LO re 
I 


I 
1 
I 

CO HHtNEN 
1 
I 

oOo NN 

N 

I 


depPTIT[ND -uou 
‘So1BIG9}IBAUI Pd}BIDOSS® YM 
(SO}VIqd}IBAUL pd}eIIOSSe YIM) 


T T g 


it). 420 (sii ah (ec 
Il ST 


G GG 


rm 
N 
Ae) 
N 


ri 
— 
a 
jee) © Qn TALGN Coal I 
rt ra rt 
— 
“~~ 
© 
re 
~— 
-_— 
re 
CO uo 
4 
~ 
ae) 
— 
-_— 
— 


N N 


SUOTJDETIOO Jo JaquINN 


re 
re 
Ae) 


[hxe yeo'T 
Thxe yeo'T 
[xe yeo'T 

(Tews) 
afToy aad, 
TROT} V 

([B109) 
aToy YoY 
(OTUBDTOA) 
sToy yoo 


VxB, 


(a Tddvoutd) 

(snuvpuvnd) nbs 
puoaj usT{Teq | 

S J9UTB}UOD | 


(wited sseduwiod) 
(O[®}) [IxB JeaT 
(odey) [Ixe Jea'T 


“SyeUIQeY [VAIL] OJINbHsSow YIM pa}yeloosse vune] syeIqeyeAU. “Pp ATAVL 


20 Conttibs Amer.: Ent. Inet. vol, 17, no..3, 1960 


and conical. The 2 samples of Annelida, both from Vava'u, included 2 
Oligochaeta from the leaf axils of talo and unexpectedly, a Hirudinea from a 
drinking coconut. The non-dipterous arthropods included: surface mites 
(Acarina), 2 millipedes in a tree hole at base of a flamboyant (Delonix regia 
(Bojer)), Collembola (both Arthropoleona and Symphypleona) were collected 
from 3 tires, a cistern and 5 coconuts, but, like surface mites, they are easily 
missed by the usual mosquito sampling methods and are undoubtedly more 
common than the records indicate. Anisoptera naiads were observed in a water 
trough and cistern; while Coleoptera (Staphylinidae and Curculionidae) were 
found in coconuts. 

Non-culicid Diptera associated with cooki. Ceratopogonidae were the most 
numerous and diverse taxa recovered on Niue and Vava'u and the only associ- 
ated family recorded in the few samples from Niuafo'ou. This family was 
represented in 17.5% of all samples and 35% of all non-culicid invertebrate 
collections. However, there were 2 species involved. On Niue, Dasyhelea 
carolinensis Tokunaga was the only species present (15 collections) and the 
only species recovered from artificial containers and coral rock holes; it also 
was in small tree holes, coconuts and leaf axils. In Vava'u, only Dasyhelea 
hitchcocki Wirth was found in small and large tree holes, coconuts and leaf 
axils of Pandanus, but did not occur in artificial containers. Interestingly, on 
Niuafo'ou both species were recovered, D. carolinensis in volcanic rock holes 
and D. hitchcocki in small tree holes (2). The niches utilized by these Dasy- 
helea are the same as those utilized by cooki. With the exception of 2 volcanic 
rock holes on Niuafo'ou where it was associated with Cx. sitiens and 3 samples 
where D. carolinensis was the only invertebrate in a foundation, roof gutter 
and leaf axil of the compass palm, it was always associated with cooki. 

Chironomidae were in 21.2% of the non-culicid samples, on Niue, but were 
found on only 3 occasions in Vava'u, i.e. in a cistern and the leaf axils of 
Pandanus and pineapple (Ananas sp. ) (the 2 leaf axil samples were from the 
subfamily Orthocladiinae while the cistern and all collections on Niue provided 
Chironomus sp.). The artificial containers positive for Chironomus sp. on 
Niue were a canoe, a petrol drum and 4 of 6 tires sampled. Except for the 
cistern on Vava'u, where it was the only invertebrate recorded, Chironomus 
sp. was always collected with cookzi. 

Psychodidae, probably Telmatoscopus vitiensis Satchell, were recovered 
only from a leaf axil of kape on Niue, all others were from Vava'u. The 
Psychodidae were usually found in the more turbid and foul habitats, even so, 
all of our samples were associated with cookzi. 

Cecidomyiidae of the genus Resseliella were found only in coconut shells, 
often in large numbers (30 or more), The only exception, in numerous collec- 
tions of these forms in the Fiji - Tonga - Samoa area was in the base of a 
fallen coconut frond on Niue in which a single red-orange larva was found in 
association with 2 cooki larvae. The usually orange but occasionally yellow- 
ish larvae are very placid, showing few signs of life, but, if removed from 
the coconut and placed on the hand or table they double up and catapult them- 
selves through the air, with an audible snap. 

Cyclorrhaphous larvae included Drosophilidae and Syrphidae in fermenting 
putrid coconuts, and the larvae of undetermined aquatic calypterate and acaly- 
perate forms. 

Biting activity. Aedes cooki, as with other members of the scutellaris 
group, is a diurnal biter and is common in most habitats encountered on the 
islands in its range. It has been collected biting man from sea level to the 
summit of Mount Talau, (198 m) on Vava'u, in all areas visited in Niue and is 
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said to be encountered even on the highest points on Niuafo'ou up to 227 m. 

The highest densities are encountered in the shade and tend to increase with 
increased densities of cover. Very high densities were not encountered as in 
some species in Tonga where the crab hole niche is present and utilized. It 

is not known whether cooki utilizes crab holes but the major islands in its 
range provide few areas suitable for extensive crab hole habitats. Biting- 
landing collections on Utungaki and Pangai Motu islands in the Vava'u group, 
among mangroves and near a lagoon where crab holes were observed, gave an 
average of 0.2 cooki/min based on 40 minutes of collecting. At least in these 
areas, crab hole habitation by cookz was not apparent. The highest densities 
were encountered at Tafolomahina in the center of Niue Island where biting- 
landing cooki were encountered at rates of 6 to 10 per minute. A systematic 
biting-landing survey was made in Ha'akiu village on Vava'u. Twenty-seven 
houses were surveyed by a 10 minute human bait collection in the shade near 
each house. The average biting rate was about 1 per minute (264 cooki/270 
min). with a range of 0 to 76 (7.6/min). Seven (26%) of the stations yielded 
10+ cooki, 5 had 1-9, 11 provided 1-4 and 4 were negative for cooki. There 
was a tendency for the highest densities to occur on the periphery. All of the 
negative sites were in the central portion of the village. It appears that cooki 
may have a greater tendency to bite and rest indoors than the other scutellaris 
species in the area. Indoor biting-resting collections made on Niue included: 

6 in Alofi, our laboratory house (4), the treasure building (1), and the next 
door to the laboratory. A total of 13 females and 4 males were caught, all 
between 1000-1630 h. Ina search for naturally infected cooki, 43 females 
(most freshly fed) were collected inside an isolated house, mainly in a partial- 
ly screened kitchen, in Tafolomahina. This was the only occasion in all is- 
lands studied where large numbers of the scutellaris group were found resting 
in a house. Usually, it is a case of entering the house to feed and exiting 
immediately after feeding. The partial screening may have made the exit more 
difficult. In Vava'u, 27 houses were surveyed for indoor resting mosquitoes. 
Only 16 mosquitoes were captured of which 4 were males (3 aegypti, 1 Cx. 
quinquefasciatus ) and 12 were females (7 cooki, 3 Cx. quinquefasciatus, 2 
aegypti). The 7 cooki were in essence biting-landing females. All had stage II 
ovarian follicles, 5 with empty midguts, one fully fed with fresh blood and one with 
a partial meal of fresh blood suggesting that it had been disturbed while feeding. 
The aegypti included a female with stage V follicles and old blood, while the 
other had stage II follicles and empty midgut, i.e. a biting-landing rather than 
a resting female. The 3 Cx. quinquefasciatus were resting mosquitoes, fresh- 
ly fed, with stage II or III ovarian follicles. Even though the numbers are small, 
it suggests that cooki on both Niue and Vava'u may prefer to bite indoors more 
than the other scutellaris group species in the Tonga area. 

Fecundity - Individual egg batches were obtained from 63 cooki (Vava'u-21, 
Niue-29 and Niaufo'ou-13) ranging from 22 to 130 eggs per female, providing 
3,831 eggs or a mean clutch size of 60.8 eggs. The median clutch was 55 and 
the mode 50 to 59 eggs per female. The median and ranges of Vava'u and Niue 
were similar, 51 and 52, and, 26-130 and 22-126, respectively; however, be- 
cause of the 3 very large egg batches from Vava'u (114, 129, 130) providing 
27.2% of the total eggs, the mean clutch was 65.3 as compared to 58.8 for 
Niue where the 2 large egg batches provided only 13.4% of the total. The egg 
batches in excess of 100 were 7.9% and they contributed 15. 7% of the eggs. 

Gonotrophic cycle. The length of the gonotrophic cycle for cooki on Vava'u 
during June 1975, was 72 to 73 hours from blood meal to oviposition. The 
figure was derived from 16 females with known feeding and oviposition times. 
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Oviposition began 70 to 75.5 hours after the blood meal with a mean of 72.3h 
and a mode of 72 h. It appeared that the length of the gonotrophic cycle on 
Niue during April and May 1973 was longer by about 0.5 day, i.e. 3.5 days. 
However, only one female was timed to the hour and it oviposited at 72 hours. 
The other 12 were checked for oviposition only in the morning (0600-0800 h) 
and afternoon (1600-1800 h), consequently, the figures are crude but definitely 
in excess of 72 hours. The rough derived average was 83.3 hours from blood- 
feeding to oviposition. From data derived from dissection of 178 biting-landing 
cooki in Haakiu village, Vava'u, it was observed that 15.7% of the parous 
females had distended pedicels showing that they were returning for a blood 
meal within 24 hours of oviposition. 

Autogeny. Aedes cooki was the 2nd species of the scutellavis group shown 
to be autogenous, i.e. capable of developing the first egg batch without a blood 
meal. This was observed in a colony derived from Niuafo'ou, in 1972. The 
first species observed to be autogenous was kesseli in 1970 (Hitchcock and 
Rozeboom 1973). Autogeny was also demonstrated in cooki from Niue and 
Vava'u in 1973 and 1975 (Hitchcock, unpublished data; Hoyer and Rozeboom 
1976). Through our work, autogeny has been observed in all species and sub- 
species of the scutellaris group in the Tonga area but has not yet been described 
outside of the area in any member of the scutellaris group. 

MEDICAL IMPORTANCE. Aedes cookiis the major vector of filariasis in 
its range. It was experimentally infected with W. bancrofti on Niue and found 
naturally infected with both W. bancrofti and D. immitis in Vava'u. This 
species was suspected to have been the major vector of the dengue-2 virus out- 
break on Niue Island (1972) and is a suspect vector of both dengue-1 (1975) and 
dengue-2 (1974) viruses in Vava'u. 

Filariasis. In cooki, experimentally infected on Niue, 50% of 30 females 
dissected from post-infection day 9 to 14 contained stage II or III larvae of 
W. bancrofti. The first active stage III larvae were observed on day 11, how- 
ever, it was not until day 12 that infective stage larvae were observed migrat- 
ing out of the thoracic area and into the head and mouthparts. Because of 
mass drug administration of Diethylearbamazine citrate in progress on Niue 
at the time of the study, no naturally infected cooki were observed in the 115 
parous cooki dissected. However, cooki was found naturally infected with 
W. bancrofti and D. immitis in females dissected from a biting-landing survey 
made in Ha'akiu village, Vava'u. One hundred seventy-eight cooki were dis- 
sected, of which 108 were parous (60.7%). Twenty-five filarial infections 
were recorded among 21 cooki - there were 8 infections with W. bancrofti and 
17 infections with D. immitis, including: a multiple infection with W. ban- 
crofti, a multiple infection with D. immitis and 2 mixed infections, i.e. W. 
bancrofti and D. immitis. Infective larvae (stage III) were recovered from 2 
cooki: 9 stage III of W. bancrofti (6 head and mouthparts, 2 thorax, 1 abdo- 
men); and 13 stage III of D. immitis (12 abdomen, 1 thorax). Interestingly, 
these were the 2 females with mixed infections, the first a 4-parous cooki also 
contained 4 stage I of D. immitis while the 2nd, a 3-parous female also had 9 
stage Iof W. bancrofti. The infection and infective rates based on the 108 
parous cooki were: W. bancrofti - 7.4% and 0.93; and D. immitis 15.7% and 
0.93% respectively. One hundred eighty-nine filaria larvae were recovered 
from the 108 parous cooki dissected (1. 75/female) of which 38 were W. ban- 
crofti (0.35/female) and 151 were D. immitis (1.4/female). The average 
worm burden per infected mosquito was: W. bancrofti, 4.8; and D. immitis 
8.9. The average number of stage III larvae per parous and infected mos- 
quito was W. bancrofti, 0.08 and 1.13; and for D. immitis, 0.12 and 0.77. 
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Dengue. An explosive outbreak of dengue-2 virus occurred on Niue during 
1972, It appears that the usual vector, aegypti, is a recent immigrant to Niue 
and is now in the process of establishing itself there. It was becoming widely 
distributed by the time of our observations early in 1973, but it was always in 
association with, and less abundant than cooki, even in its most preferred lar- 
val habitats. Observations made during the outbreak on Niue by Dr. L. Rosen 
and Punapa Eric (personal communication), showed such low densities of 
aegypti that it could not have played a major role in the transmission of dengue- 
2 during the outbreak. Subsequent laboratory studies, with both cooki and 
aegypti from Niue Island, showed that cooki consistently supported salivary 
gland infections, (i.e. became infective) with the Niue strain of dengue-2, while 
it appeared that aegypti was refractory to salivary gland infection (Drs. D. 
Gubler and L. Rosen, personal communication). It appears that on both epi- 
demiological and experimental grounds cooki was at least the major vector, if 
not the only vector on Niue at the time of the outbreak. During our study on 
Niue, the prevalence of cooki and aegypti in all larval habitats was 88.0% and 
19.3% while for artificial containers, only, it was 81.1% and 43. 2% respec- 
tively. Aedes aegypti was less frequent than cook in all but 3 artificial con- 
tainers: a canoe in Alofi and two 50 gallon drums, one in Avatele and one in 
Liku. The relative abundance of aegypti in Vava'u just after an outbreak of 
dengue-1 was also very low. The prevalence at the sites for cooki and aegypti 
were: all collections (77) 54.5% and 7.8%; artificial containers (27) 33.3% and 
18.5%. The prevalence rates for the combined village surveys of Nioafu and 
Ha'akiu, for cooki and aegypti, were: all collections (39) 59.0% and 15. 4%, 
artificial containers (18), 66.7% and 27. 8% respectively, while the Breteau 
indices, based on 57 houses surveyed were: 40.4 and 10. 5; and for artificial 
containers, 21.1 and 8.8 respectively. The number of immatures collected in 
the 77 samples were: cooki 1, 802 and aegypti, only 26. For artificial con- 
tainers it was: 151 and 18 respectively, i.e. nearly a 10-fold difference. Due 
to the low incidence of aegypti in peridomestic sites, it was not at a sufficient 
level to support the recent dengue outbreaks on Vava'u. Thus it appears that 
cooki was probably involved in transmission. 


AEDES (STEGOMYIA) KESSELI HUANG AND HITCHCOCK, NEW SPECIES 
(Figs. 4, 5, 6, 13, 14, 15, 16) 


Aedes (SStegomyia) sp. Tafahi form, Huang 1977a: 291 (L*). 


This species is named for Dr. John F. Kessel, in recognition and apprecia- 
tion of his great contribution to the knowledge of subperiodic Bancroftian filaria- 
sis and its control in the South Pacific. As in cooki, except for: 

MALE. Head. Proboscis dark scaled, sometimes with a few pale scales 
on the ventral side, longer than forefemur. Thorax. Median stripe from 
anterior margin of scutum narrows slightly posteriorly and forks at begin- 
ning of the prescutellar space; prescutellar line with a few narrow golden 
yellowish scales or sometimes absent; patches of broad white scales on pro- 
pleuron, on the upper and lower portions of sternopleuron and on the upper 
and lower portions of mesepimeron, or sometimes the lower mesepimeron 
without scales; upper sternopleural scale patch reaches to anterior corner of 
sternopleuron, lower mesepimeral scale patch small and well separated from 
upper mesepimeral scale patch. Legs (Fig. 16). Hindfemur anteriorly with a 
broad white longitudinal stripe which widens at base and is narrowly 
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separated from the apical white scale patch; fore- and midtarsi with basal white 
bands on tarsomeres 1,2; sometimes fore- and midtarsi with a basal white 
band on tarsomere 1 only; hindtarsus with a basal white band on tarsomeres 
1-4, the ratio of length of white band to the total length of tarsomere is 0. 25- 
0.33, 0.33, 0.40 and 0. 50-0. 60; tarsomere 5 all white or sometimes with a 
few dark scales on the ventral side; sometimes hindtarsus with basal white 
band on tarsomere 4 interrupted by a few dark scales on the ventral side or 

by a stripe of dark scales on the ventral side (Niuatoputapu specimens some- 
times have hindtarsus with basal white bands on tarsomeres 4, 5 interrupted by 
a stripe of dark scales on ventral side); hindleg with tarsal claws equal, 
simple. Abdomen (Fig. 14). Segment I with white scales on laterotergite; 
tergum II dorsally dark, with basal lateral white spots only or sometimes with 
a small basal median spot as well; terga II-VI each with a subbasal median 
pale yellowish or white spot and with lateral white spots which are turned dor- 
somesally; sometimes terga IV, V with some pale scales on each side of the 
subbasal median spot forming a subbasal transverse pale dotted band; occasion- 
ally tergum VI also with a subbasal transverse pale dotted band; rarely terga 
III-V each with a complete subbasal transverse pale band (Niuatoputapu speci- 
mens sometimes have terga III- VI with complete subbasal transverse pale 
bands); tergum VII with lateral white spots only or sometimes with a small 
median spot as well. 

Terminalia (Figs. 4, 13). Basimere 3.5 as long as wide, distimere simple, 
elongate, length of basimere, with a spiniform process and a few setae near 
apex; apical margin of tergum IX with middle truncated and with a hairy lobe 
on each side. . 

FEMALE. Essentially as in the male of cooki, differing in the following 
respects: Head. Palpus with white scales on less than apical half. Abdomen 
(Fig. 15). Terga II-VII with basal lateral white spots only or sometimes terga 
IlI-V with not very distinct subbasal pale yellowish spots as well; occasionally 
tergum VI also with a small subbasal pale spot as well; rarely terga III-IV each 
with a more or less complete subbasal transverse pale band and a dotted sub- 
basal pale band on tergum V (Niuatoputapu specimens sometimes have terga 
IlI-V each with a more or less complete subbasal transverse pale yellowish 
band and a dotted subbasal pale band or subbasal pale spot on tergum VI). 
Terminalia (Fig. 6). Insula with minute setae and with 7 (6-8) larger setae on 
apical 0.4; apical margin of tergum IX with well-developed lateral lobes, each 
with 5 (3-5) setae. 

PUPA (Fig. 4). Cephalothorax. Trumpet short, about 3.0 as long as wide 
at the middle; setae 1,3-C single, longer than 2-C, 2-C usually single (1, 2), 
4,'7-C usually double (1,2), 8-C usually double (1-4), 10-C usually 3-branched 
(2-5), mesad and caudad of 11-C, 12-C usually double (1-3). Abdomen. Seta 
1-II with 4-12 branches; 1-III usually double (1-6); 1-IV single or double; 
5-IV-VI single, or sometimes 5-IV, V double; 5-IV, V usually long, reaching 
beyond posterior margin of following segment; 9-VI, VII usually single and 
simple, or sometimes barbed, much stouter and longer than preceding setae; 
9-VIII with 2-8 branches, each barbed. 

LARVA (Fig. 5). Head. Seta 6-C single or split at tip, 7-C with 2-4 
branches; 11-C usually with 2,3 branches, 12,14,15-C usually double; mentum 
with 12,13 teeth on each side. Thorax. Seta 1-P usually 3-branched (2, 3), 
5-P usually double, 7-P usually 3-branched (2,3), 14-P usually 3-branched; 
6-M with 4-6 branches; 8-M usually with 6,7 branches, 9-M 3-branched; 7-T 
usually with 6-8 branches, 9-T usually 3-branched (2,3). Abdomen. Seta 6-I 
usually 4-branched (4,5), 7-I usually double (1, 2); 6-II usually 4-branched 
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(3,4), 6-III-V double; 6-VI usually single (1, 2); 1-VII usually 3-branched, 
2-VII usually single (1,2); 3-VII usually with 4,5 branches, comb of 8-14 
scales, in a single row, each scale with rather distinct denticles at the 
base of the apical spine, sometimes comb scale with apical spine split at 
tip; anal segment with saddle incomplete, marginal spicules present; seta 
1-X 2-branched, 3-X single or double; ventral brush with 4 pairs of setae 
on grid, each seta usually with 3,4 branches, sometimes 1 or 2 setae 
2-branched; anal papillae 2.0-3.0 length of saddle. Siphon. Short, about 2.0 
as long as wide, pecten teeth 8-16, evenly spaced, each tooth usually with 2 
large and 1,2 small basal denticles; seta 1-S with 3-5 branches, inserted be- 
yond last tooth and beyond the middle of the siphon. 

TYPE-DATA. Holotype male (S. P. -I-4) with associated larval and pupal 
skins and terminalia slide (YMH-'72-3), Tafahi Island, Tonga, VIII-1971, 
SEAMP. Deposited in the USNM. Allotype female (S. P. -I-149) with associated 
larval and pupal skins, all with same data as holotype. Deposited in the USNM. 
Paratypes: 19 males, 9 females as follows: 9 males (S. P. -I-1,3,5,6, 8,11, 
12,13,16) with associated larval and pupal skins and terminalia slides (YMH- 
'72-1,2,4,5,6,7,8,9,10); 2 males (S. P. -I-36, 125) with associated larval and 
pupal skins; 8 males (S. P. -I-55, 56,97, 98, 100, 104, 128, 162) with associated 
pupal skins; 9 females (S. P. -I-2, 7,9, 10, 14,15, 18, 26,110) with associated lar- 
val and pupal skins, all with same data as holotype. Deposited in the USNM 
and BMNH. (All type materials were reared at SEAMP from eggs which were 
from Dr. J. C. Hitchcock's collection #7, females biting man on Tafahi Island, 
Tonga, 30-VI-1970). 

DISTRIBUTION. This species occurs only in Tonga. In Tonga it is known 
from the following islands: Tafahi, Niuatoputapu, Hunganga, Motualanga, 
Nukunono, Tavili and Hakauto'utu'u (Map II). 1,874 specimens examined: 
5470", 6509, 1700’ terminalia, 129 terminalia, 21 L, 288 individual rearings 
(186 1, 288 p). 

TONGA. Tafahi Island, (VI-1969, individual rearings), 300", 249, 80" 
terminalia; (VI-VII-1970, individual rearings), 570", 379, 170° terminalia; 
(1970 progeny rearings), 250", 189, 11c’ terminalia; (1970, biting in field), 

239; (VIII-1971, progeny rearings in SEAMP), 910", 719, 240’ terminalia, 89 
terminalia, 14 L, 170 individual rearings (801, 170 p); Niwatoputapu Island; 
(IV-1968, University of California, Los Angeles colony), 650’, 1359; (V-VII- 
1969, individual rearings), 440", 489, 8c" terminalia; (VII- VIII-1970, individual 
rearings), 540°, 459, 180° terminalia; (VII-VIII-IX-1970, progeny rearings), 
560", 799, 190° terminalia; Falehau (VIII-1970, individual rearings), 390", 239, 
180" terminalia; Vaipoa (IX-1970, individual rearings), 60", 109, 2c‘ terminalia; 
Hunganga Island, (VIII-1970, individual rearings), 150’, 269, 5c terminalia; 
Motualanga Island, (VIM-1970, individual rearings), 130, 169, 5c terminalia, 
Nukunono Island, (VIII-1970, individual rearings), 190°, 189, 8c’ terminalia, 
Tavili Island, (VIM-1970, individual rearings), 19; Hakautu'utu'u Island, 
(IX-1970, individual rearings), 5c’, 69, 2c’ terminalia; (XI-1972, progeny rear- 
ings in SEAMP), 280", 709, 250’ terminalia, 49 terminalia, 7 L, 118 individual 
rearings (106 1, 118 p). 

TAXONOMIC DISCUSSION. Aedes kesseli is a member of the scutellaris 
subgroup, having the supraalar white line complete and well developed, with 
broad flat scales over the wing root and toward the scutellum. The adults are 
very similar to those of upolensis from Samoa, especially, when there is 
complete absence of the lower mesepimeral scale patch, or the presence of at 
most 3 scales in this region. It is also very similar to adults of horrescens 
and polynesiensis from Fiji, especially if the female has only basal lateral 
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white spots on the abdomen. It can be recognized, however, in having the dor- 
sal surface of the hindfemur with the basal portion at least 0. 25 white; in 
upolensis, horrescens and polynesiensis the dorsal surface of hindfemur has 
at most 0.12 of its surface white. 

Aedes kesseliis most closely related to cooki. We are describing kesseli 
as a distinct species in spite of the fact that the claspette of the male termina- 
lia of kesseli is indistinguishable from that of cooki. The larva of kesseliis 
strikingly different from that of cooki by the incomplete saddle. In this 
respect, kesseli is very similar to upolensis. However, it can easily be dis- 
tinguished from upolensis by the absence of seta 13-P. The pupa is indis- 
tinguishable from that of upolensis. 

The Niuatoputapu specimens differ rather markedly from the Tafahi speci- 
mens in that the abdominal terga II-VI sometimes have complete sub-basal 
transverse pale bands (in male) and abdominal terga III-V sometimes have 
incomplete or dotted sub-basal pale yellowish bands (in female). In other 
respects these populations appear to be identical. 

There is considerable variation in kesseli from the different islands and 
even on the same island - individual, and geographic, but all the males we 
have examined conform to a single type which can be distinguished from those 
of tongae tabu and tongue tongae by the characters given in the key. 

At the present time kesseli is the only known species of the scutellaris 
group on Niuatoputapu Group (Tafihi, Niuatoputapu) in the Tonga islands. 

BIONOMICS. Aedes kesseli probably has the widest range of larval habi- 
tats of all species of mosquitoes in the Tonga area and is certainly on a par 
with the closely related, ubiquitous and wide ranging Ae. polynensiensis. It 
readily feeds on man and was found to be in the highest densities recorded for 
members of the group in the area. It has been found naturally infected with W, 
bancroftt and D, immitis on both Niuatoputapu and Tafahi, and is the most im- 
portant vector of W. bancrofti in its range. Furthermore, it is from an area of 
very high endemicity of W. bancrofti. Aedes kesseli is the suspect vector of 
dengue-1 virus on Tafahi (1975) and may have been the major vector of dengue- 
1 on Niuatoputapu (1975). Field studies were made on Niuatoputapu and Tafahi: 
March and April 1968, May to July 1969, end of June to September 1970, and 
for Niuatoputapu only, September and October 1972. 

Immature habitats. One hundred and sixty-three potential mosquito imma- 
ture habitats were surveyed for kesseli, on the northern outliers of Niuatoputapu 
(125) and Tafahi (38) islands. Collections for Niuatoputapu include those made 
on the small island of Hunganga (16) and the islets of Motualango (4) Nukunono 
(2) Tavili (1) and Hakautu'utu'u (1), (see Map I and II). One hundred and fifty- 
two (93.3%) were positive for mosquitoes and 68. 7% were positive for kesseli 
(Table 5). Only 11 sites (6.7%) were negative for mosquitoes. Of particular 
interest was the collection of kesseli from ground water on Niuatoputapu, an 
unusual niche for the Ae. scutellaris group, hence a brief description of each 
of the sites. The first was a borrow pit, 1.2x 1.2x 0.9 m, with 12.7 cm of 
water with many coconuts lying in the water. There was also a copious devel- 
opment of filamentous green algae. The water was semi-permanent, clear, 
fresh with a mud bottom and in partial shade alongside a road. The larvae 
were all 2nd stage and were numerous. Only kesseli was recovered from the 
site and because of the coconuts, one could speculate that the oviposition 
occurred in the coconuts and thence into the ground water. The 2nd site how- 
ever, was 3.7 x 1.2 m with 7.6 to 30.6 cm of semi-permanent, clear, fresh 
water with a mud bottom and neither coconuts nor algae. It was in deep and 
partial shade alongside the road. It also contained larvae of kesseli in the 


Huang and Hitchcock: Aedes scutellaris group of Tonga Zt 


same stage as the previous site. The 3rd had characteristics more like a 
roadside puddle than a borrow pit - it was 3.7 x 4.6 m and 15.3-20.4 cm 
deep with turbid fresh water in full sun. It contained 3rd stage larvae of Ae. 
vexans (Meigen), Cx. annulirostris Skuse and Ae. kesseli. The well was on 
the southern side of the island in the shade of a large mango tree (Mangifera 
indica Linnaeus) at an agriculture farm. It was 0.9 m in diameter and 3.7 m 
down to the clear fresh water. It contained mainly kesseli with a few Cx. 
quinquefasciatus and Cx. annulirostris. Crab holes provided an excellent 
niche for kesseli. Only 7 collections were made from this category even 
though the site probably produces the greatest biomass of mosquitoes on 
Niuatoputapu, and the small associated islets. Some people call Niuatoputapu 
"mosquito island", and it is probable that the crab hole habitat of kesseli on 
Niuatoputapu is responsible for this name. Three of the crab holes were dug 
out at the time of collecting and had only kesseli, the turbid milky white water 
was black with pupae and larvae of kesseli. The other 4 were previously 
opened to catch the crab for eating. Three were 25. 5-30.6 cm in diameter 
and about 20.4 cm to the water level with the submerged crab hole being 7. 6- 
10.1 cmindiameter. The 4th was less altered and not indirect sunlight as were 
the other 3. These crab holes were ecologically altered from the freshly dug 
out sites and consequently, vexans was recovered from the 4 sites and in asso- 
ciation with kesseli in 3. The water was brackish and turbid milky-white with 
water temperatures in the 3 larger holes 29°C, and in the smaller, 26.59 C. 
It was interesting that although the opened crab holes were directly exposed to 
full sunlight, and were acceptable to the ground pool inhabiting vexans, they 
still continued to be suitable for kesseli. The adult densities of kesseli en- 
countered in dense crab hole areas could account for this phenomenon, as well 
as the utilization of the borrow pits, especially the one with more of the char- 
acteristics of a roadside puddle. Volcanic rock holes were found and collected 
from on-Tafahi. They represented 3 distinct types. Those along the coast in 
open sunlight, often splashed by waves, contained Cx. sitiens (3/3), in one 
instance in association with Cx. annulirostris. Those in partial to deep shade 
collecting rain water, leaves and much detritus were found copiously producing 
kesseli (5/5). The 3rd type were 2 rather large shallow rock holes of clear 
fresh water and some emerged vegetation at an elevation of approximately 181 
m. One was 1.5 x 0.8 m and 7.6 to 10.1 cm deep, with mainly oceanicus 
(usually a leaf axil breeder), a few Cx. annulirostris and a few vexans. The 
2nd, in close proximity to the first, had an irregular shape about 1.1 m at its 
longest measurement and likewise 7.6 to 10.1 cm deep, was producing only Cx. 
annulirostris. Of 32 leaf axil collections, 6 were negative for mosquitoes, the 
remainder were positive for oceanicus, including 2 in association with kesseli 
in Pandanus on Niuatoputapu. However, like cooki on Vava'u, the only observed 
leaf axil harboring kesseli larvae was in Pandanus. Artificial containers, at 
least between March 1968 and October 1972, were of little significance on 
Niuatoputapu or Tafahi in either numbers of containers or mosquito production. 
The 9 collections from ground pools (including roadside puddles), swamps and 
marshes contained vexans, Cx. sitiens and Cx. annulirostris, but not kesseli 
and have been combined for convenience. The importance of sampling all of 
the available niches in an island situation can be easily seen with our collection 
of kesseli, a basically container-inhabiting species, from ground water in crab 
holes, borrow pits and a well. 

Relative abundance of kesseliin aquatic habitats. Based on the arbitrary 
levels for abundance* by the number of immatures in the sample it was seen 


*Abundant = 20+, common = 10-19, few = 1-9 immatures per sample. 
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that 58.0% of the samples positive for kesseli were considered abundant, 16.1% 
common and 25.9% few (Table 5). The natural immature habitats were: 
60.2%, 12.6% and 27.2% respectively. The 5 volcanic rock holes on Tafahi 
positive for kesseli were all in the abundant range. Fifty-four percent of the 
tree holes were considered abundant, with the small tree holes 42.9% abundant, 
21.4% common and 35. 7% few, while the large tree holes were 78.9%, 5.3% 
and 15.8% respectively. All large tree holes on Tafahi were abundant. Sixty- 
five percent of the coconuts were graded abundant for kesseli while 30.0% were 
few. The fallen tree, fallen frond and 3 fallen coconut spathes all provided 
abundant immatures. The 2 leaf axil collections of Resseli from Pandanus on 
Niuatoputapu each provided few immatures of kesseli and abundant oceani- 

cus ina ratio from 1:5 to 1:6 (17.8% kesseli). This compares with cooki from 
Pandanus in Vava'u at about 1:6 (15.7% or 1:6.4). One-third of the artificial 
containers positive for kesseli were classified abundant, 950. 6% common and 
11.1% few. 

Immature habitat preference. Aedes kesseli may be the most ubiquitous 
in its choice of immature habitats of any of the scutellaris group, utilizing as 
noted above, 11 habitat categories. However, tree holes and coconuts are the 
dominant niches, with volcanic rock holes on Tafahi and crab holes on Niua- 
toputapu providing the 3rd major natural site. The invasion of ground water 
sites on Niuatoputapu is of ecological significance and could be related to both 
mosquito density and their invasion of the crab hole niche. The leaf axil 
appears to be of minor importance, with Pandanus providing the only positive 
collections. It is interesting to note that of the 15 collections made in Pandanus 
leaf axils, the 2 collections positive for kesseli were from ''Paongo"' (Pandanus 
whitmeeanus Martelli), even though collections were made in 4 other recog- 
nizable forms, i. e. 'Tofua"', 'Kia'', ''Falahola'" (P. tectorius var. sinensis 
Warburg) and ''Fafa'’". The leaf axil collection of cooki in Vava'u was also from 
''Paongo.'’ Unused water seal toilets provide ideal sites for kesseli either 
right-side-up or up-side-down. Because of their proximity to houses and their 
relative abundance on Niuatoputapu they probably provide the most important 
type of artificial container on the island. 

Mosquito species composition at larval habitats. Aedes kesseli was found 
in association with 5 other species on Niuatoputapu: Ae. aegypti, Ae. oceanicus, 
Ae. vexans, Cx. quinquefasciatus and Cx. annulirostris. Culex sitiens was the 
only mosquito species on Niuatoputapu which was not found in association with 
kesseli. Although all species but aegypti were recovered from Tafahi, Rkesseli 
was never found in association with another species. Of the 152 immature col- 
lections positive for Culicidae, 112 contained kesseli, 4 aegypti, 27 oceanicus, 
13 vexans, 5 Cx. quinquefasciatus and 8 Cx. sitiens. A summary of the species 
composition for all aquatic habitats is given in Table 6. It can be seen that 
73.7% (112) of all positive sites contained kesseli, Aedes kesseli only was 
present in 65.1%. In addition, 17.1% produced only oceanicus or both kesseli 
and oceanicus. The residual 17.8% contained the other 5 species including 
the collection of oceanicus in association with both vexans and Cx. annulirostris 
from the clear shallow rock pool from Tafahi described above. Aedes kesseli 
was associated with aegypti on 3 occasions: a cistern, a small tree hole anda 
large tree hole also in association with Cx. quinquefasciatus; vexans 4 times: 
opened crab holes, and a borrow pit (characteristic of a roadside puddle) along 
with Cx. annulirostris; Cx. quinquefasciatus 5 times: a well and a canoe both 
also in association with Cx. annulirostris, a log drum, a small tree hole and a 
large tree hole, also with aegypti and Cx. annulirostris on the 3 occasions 
cited above. Aedes aegyptiwas collected from a tin can in the laboratory. 
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TABLE 6. Mosquito species composition at larval habitats. 


Species 7 Total Niuatoputapu Tafahi 
(No mosquitoes found) (11) ( 9) (>) 
Ae. kesseli only 9 75 24 
Ae. kesseli with Ae. aegypti 2 2 0 
Ae. kesseli, Ae. aegypti and 1 1 0 


Cx. quinquefasciatus 


Ae. kesseliwith Ae. oceanicus 2 2 0 

Ae. kesseli with Ae. vexans 5) 3 0 

Ae. kesseli, Ae. vexans and 1 1 0 
Cx. annulirostris 

Ae. kesseli with Cx. quin- 2 2 0 
que fasciatus | 

Ae. kesseli, Cx. quinquefascia- 2 2 0 
tus and Cx. annulirostris 

Ae. aegypti only 1 1 0 

Ae. oceanicus only 24 17 : 

Ae. oceanicus, Ae. vexans 1 0 1 
and Cx. annulirostris 

Ae. vexans only 0 

Ae. vexans and Cx. sitiens 1 1 0 

Ae. vexans, Cx. sitiens and 2 2 0 
Cx. annulirostris 

Ae. vexans with Cx. annulirostris 4 4 0 

Cx. sitiens only 3 1 Za 

Cx. sitiens with Cx. annulirostris 2 1 1 

Cx. annulirostris only 1 0 1 
Total 163 125 38 


Aedes vexans was the only species found in an open crab hole and in the ground 
pools (of various types) with Cx. annulirostris 6 times, Cx. sitiens once and 
with both twice. Culex sitiens was also recovered from volcanic rockholes, 
once with annulirostris and again with annulirostris from a marshy depression. 
Culex annulirostris was also collected in a coastal rock hole on Tafahi. 
Invertebrate fauna associated with mosquito larval habitats. Unfortunately, 
the data are fragmentary for 1969 and 1970 since the associated invertebrates 
were recorded separately and are not available for comprehensive interpreta- 
tion. The phyla Platyhelminthes, Aschelminthes, Mollusca and Arthropoda 
were recovered from samples. The minute milky white platyhelminth, probably 
Dendrocoelum, was recovered from the leaf axil of pineapple. Aschelminthes, 
all Rotifera, were recovered from 4 of the 18 tree holes in 1972. Mollusca 
were represented by small gastropods also from 4 of the 18 tree holes but not 
associated with the Rotifera. They have also been found in coconut shells. 
Non-dipterous arthropods included: surface mites (Acarina) in tree holes and 
coconut shells; Crustacea included Daphnia in tree holes, and along with 
ostracods in ground water; a crab was found in a tree hole on Hunganga Island. 
Collembola were collected in tree holes, coconut shells and a tin can, while 
Coleoptera larvae were in the tin can and coconuts, and Odonata naiads were 
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observed in ground pools. 

Non-culicid Diptera associated with kesseli. Ceratopogonidae were by far 
the most common invertebrate associated with kesseli. They were in nearly 
all tree hole collections including 16/18 (88.9%) in 1972 (in 6 of 7 species of 
trees sampled). They were in all volcanic rock holes that were positive for 
kesseli and also found in coconut shells and artificial containers. All speci- 
mens collected were Dasyhelea hitchcocki which was described by Wirth (1976) 
from specimens collected by one author (J. H.) on Niuatoputapu and its islets 
and Tafahi in 1969 and 1970. Chironomidae were collected infrequently from 
tree holes, usually large ones, and always in association with kesseli and 
D. hitchcocki. Psychodidae from a volcanic rock hole on Tafahi and occasional 
tree holes were Telmatoscopus vitiensis and were associated with D. hitchcocki. 
Cecidomiidae were common in coconut shells and in no other breeding site; all 
were RessSeliella sp. Cyclorrhaphous larvae of the family Syrphidae were col- 
lected in a canoe. 

Biting activity. Aedes kesseli, a primarily diurnal biter, is common in all 
areas and habitats within its range with the exception of the open beach areas. 
It has been collected from sea level to the summit of Tafahi Island (606 m) 
where it was captured at biting rates in excess of 10 per minute on 30 March 
1968. The highest biting densities ever encountered in 8 years of working with 
the scutellaris group in the South Pacific were those of kesseli. During village 
surveys utilizing standardized 10 minute biting-landing samples, a record of 
250 kesseli were obtained from house 24 (Falehau) on 13 April 1968 between 
0937 and 0947 h. The house was located on the end of the village near an exten- 
sive crab hole habitat area. However, the greatest densities outside of the 
village situation were encountered on Hunganga Island a few hundred meters 
across a lagoon from Hihifo village on 25 September 1972, where we encounter- 
ed a multitude of kesseli in partial shade near the shore of the lagoon around 
1000 hours. In less than 30 m into the island, we continuously encountered 
hoards with 200-300 on each pant leg, with clouds swarming around at an 
estimate of over 1,000 per person. A few sweeps of a collecting net provided 
a "handful" and we actually ran to the shore and into the lagoon to escape. 
Although kesseli was abundant in tree holes and coconuts the biomass produced 
was insignificant to that produced by the crab hole niche. Surveys of the 4 
villages were made in 1968 (Hitchcock 1969), 1969 and 1970 providing 6, 440 
kesseli from 417 10 minute biting-landing stations averaging 15.4 per 10 
minutes (1.5/min). Of the stations, 14.4% (60) were negative for kesseli while 
44,1% (184) provided 10 or more (one or more per minute). The 10 minute 
biting-landing rates for the 4 villages were: Hihifo 8.1, Vaipoa, 12.2, Falehau 
46.2 and Kolokakala 12.0. In general, the highest densities of kResseli are at 
the periphery of the village (the highest densities encountered were on the 
eastern side of Falehau in closest proximity to the extensive crab hole habitats). 
The lowest densities were usually encountered along the sea front and in the 
more central areas within a village. Graph 1 shows the diurnal biting activity 
of kesseli from the average of 2 collections in June 1969 based on 10 minute 
periods centered around 50 minutes past the hour for 17 consecutive hours from 
0644-0654 h prior to sunrise, utilizing a flashlight and continued until 2245- 
2255 h. Sunset was prior to the 1845-1855 h collection when artificial light was 
again needed. The graph shows a peak period of activity around 0900 (within 2 
hours of sunrise), followed by a low around 1000 and 1100 h with increased 
activity throughout the afternoon followed by another peak just before sunset. 
Interestingly, after sunset (1800), although there was a drop from the late 
afternoon peak, biting activity remained relatively constant until collections 
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were terminated at 2255 h. The same location was sampled during March 1968 
commencing at 0820-0830 h and terminating (14 hours later) at 1917-1927h 
when no kesseli but 2 vexans were collected. This study is also plotted and 
depicts a ''depletion" type curve with a single peak during the first collection 
period. During the 1969 study, 23 vexans were recovered during 10 collection 
periods (see graph). Five Ae. oceanicus were also collected from 1750 to 
2250 h, with a single Cx. quinquefasciatus at 2150 hand a Cx. annulirostris at 
2250 h. There appears to be a preference for kesseli to bite a standing person 
on the feet, ankles and lower leg, rather than the larger area presented by the 
body above the knee. The opportunity arose to measure this observation in an 
inland bush farm near mid-island on the west end of Niuatoputapu on 14 Sep- 
tember 1970 between 1020 and 1040 h. Based on 2 pairs of simultaneous 10 
minute collections, 75.9% of the 332 biting-landing females were captured be- 
low the knee, while only 24. 1% were from the body above the knees. The biting 
rates for below the knees were 9.6 and 15.6 per minute while they were 1 per 
minute in the 2 simultaneous collections above the knees. Aedes kesseli shows 
a strong endophagic behavior that appears to be of a greater degree than that 
observed in cooki. When the family of one author (J. H. ) was living in Niua- 
toputapu (June-September 1970) in a coconut thatched house, with an adjoining 
kitchen which was open between the low wall and the roof, high biting-landing 
rates were encountered. The bed net was used by the family in the daytime for 
resting, reading and playing cards, etc. to keep from being bitten by the highly 
endophagic kesseli. While preparing breakfast in the adjoining kitchen, the 
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attack rates were 2-10 per minute; often the children would remain within the 
mosquito net inside the house while breakfast was being prepared. The biting 
rates in the kitchen were seldom less than 1 or 2 per minute at any time during 
the day. The laboratory was a small bedroom in an old European style house 
with wooden walls, a corrugated iron roof plus a ceiling. The windows were 
partially screened as well as the entry door. Attempts were made to make it 
as mosquito-proof as possible, even so, kesseli were collected biting through- 
out the daylight hours. 

Fecundity. Forty-one kesseli females provided individual egg batches 
which ranged from 21 to 112 eggs per clutch. The total of 1,971 eggs gavea 
mean clutch size of 48.1 per female. The median was 44 eggs and the mode 
was 30-39 eggs per female with a smaller but noticeable mode in the 60-69 
range. When kesseli is compared with cookz, it shows a reduced fecundity 
with both the median and mean clutch size reduced by a factor of about 10 eggs 
per female. 

Gonotrophic cycle. The length of the gonotrophic cycle for kesseli on 
Niuatoputapu from 23 September to 8 October 1972 was approximately 76 hours 
from blood meal to oviposition (range 72.0-77.5h). The derivation of this 
figure was based on 12 females whose blood feeding and oviposition times was 
known (916.5 h/12 females). Thirty-nine of 51 females (76.5%) commenced 
oviposition on the 3rd calendar day from feeding; while 17.6% (9) commenced 
oviposition on the 4th day, however, 4 of these 9 females had taken their blood 
meals after 1400 hours. Three females (5.9%) commenced oviposition on the 
2nd calendar day, however, the first eggs were not observed until evening of 
that day. 

Autogeny. Aedes kesseli was the first member of the scutellaris group 
shown to be autogenous (Hitchcock and Rozeboom 1973). The first observation 
of autogeny was at 1100 hours, 2 August 1970, on Niuatoputapu. A 2nd genera- 
tion adult, of a colony established from wild caught females on Tafahi, 30 June 
1970, was dissected after it had fed on a donor the previous night (1700-1730 
h). The female had 36 fully developed eggs (stage V) - within 18 hours of its 
first blood meal. The average time from blood meal to oviposition was shown 
to be around 76 hours at this time of the year on Niuatoputapu. Two unfed 
females were then dissected, they too showed autogenous development - one 
with stage IV eggs and the other with 19 stage V eggs, and one dilatation on 
most ovarioles. 

Mermithid parasitism on kesseli. Parasitism of mosquitoes by mermithid 
nematodes (Enoplida: Mermithidae) has not been reported for the Kingdom of 
Tonga. While dissecting the human bait caught kesseli in 1970, 5 females were 
observed with mermithids: Niuatoputapu - Hihifo one in a 1-P female; 
Falehau one in a 1-P; and 3 on Tafahi - 2 ina 2-P, one ina 1-P and one ina 
nulliparous female. All mermithids were observed in the abdomen. The infec- 
tion rate of mermithids infemale kesseli was 0. 57%(5/878) for 1970 which was 50% 
of that for the 1970 infective larvae rate for W. bancrofti of 1.1%. Three of 115 
(2.6%) of the female kesseli dissected on Tafahi were infected. It is interesting 
that no mermithids were observed in the dissections of 1968 (738) and 1969 
(880); if they were present in those samples they should have been encountered. 

MEDICAL SIGNIFICANCE. Aedes kesseliis the major vector of filariasis 
on Niuatoputapu and Tafahi and has been found naturally infected with W. ban- 
crofti and D. immitis. Since aegypti has not been found in larval surveys or 
biting on Tafahi, the probable vector of dengue-1 on Tafahi (1975) was kesseli 
and it was probably the major vector of dengue-1 on Niuatoputapu during the 
same explosive outbreak in 1975. 
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Filariasis, Aedes kesseli is an excellent vector of W. bancrofti. Systema- 
tic biting-landing mosquito surveys were made in the 3 villages on Niuatoputapu 
(Hihifo, Vaipoa andFalehau) and Kolokakala on Tafahi in 1968 (Hitchcock 1969), 
1969 and 1970. A total of 2,496 kesseli were dissected from the 12 village sur- 
veys providing 139 W. bancrofti infections, giving an overall infection rate of 
5.6%. Twenty females harbored stage III larvae for an infective rate of 0. 8%. 
The mean number of W. bancrofti larvae per infected kesseli was 7.5 (1, 047/ 
139). The maximum and mean worm burdens observed in wild caught kesseli 
by developmental stage were: stage I larvae - 61 and 8.4 (645/77), stage II 
larvae - 43 and 7.5 (314/42) and stage III larvae - 14 and 4.4 (88/20). Only 5 
multiple infections of W. bancroftt were observed in kesseli during the study: 

3 stage I+ II, 1 stage I+ I, and 1 stage IT+ III. Also, 5 mixed infections 
were observed all in association with D. immitis: 2 - stage III bancrofti + 
stage Limmitis, 1 - stage II bancrofti + stage limmitis, 1 - stage II bancrofti 
+ stage III zmmitis and 1 - stage I bancrofti + stage Ill immitis. Aedes kesseli 
from human bait collections in the bush and along the road between Vaipoa and 
Falehau have also been found naturally infected and infective for bancrofti. 
Aedes kesseli appears to be a relatively good vector of D. immitis. Thirty- 
four naturally infected kesseli were recovered during the village surveys giving 
a 1.4% infection rate while the infective rate was 0.28% (7/2,496). The aver- 
age worm burden among infected kesseli was quite high, 8.8 larvae (299/34). 
The maximum and mean worm burden per mosquito by stage was: stage I - 40 
and 11.5 (196/17), stage II - 27 and 8.2 (82/10) and stage III - 2 and 1.3 (8/6). 
It should also be mentioned that Ae. oceanicus has been found infected with in- 
fective larvae of both W. bancrofti and D. immitis and appears to be an efficient 
vector of bancrofti on Tafahi and Niuatoputapu (Hitchcock 1970). The potential 
transmission index (Bonnet et al. 1956) for kesseli on Niuatoputapu and Tafahi 
based on the 3 years of surveys was 157.5 (mosquito density of 1. 5/min x 0. 42 
larvae/mosquito x 250). 

Dengue. An explosive outbreak of dengue-like illness occurred on Tafahi 
and Niuatoputapu in May 1975 (presumably dengue-1). Unfortunately, sero- 
logical confirmation and isolation of the virus was not obtained due primarily to 
the remoteness of the islands. However, the outbreak was characteristic of 
the dengue-1 which was present in the Kingdom, but appeared to be more ex- 
plosive and apparently more virulent than in the other areas. Intensive biting- 
landing surveys and larval surveys made on Tafahi during 1968, 1969 and 1970 
did not indicate the presence of aegypti. Similar surveys on Niuatoputapu 
during 1968, 1969, 1970 and 1972 showed the presence of aegypti only in the 
village of Hihifo and only at a very low level. Aedes kesseliis present in high 
densities on both islands and is exceptionally numerous in the village of Falehau 
where the outbreak was reported to have started. Because of the high densities 
of kesseli, the very explosive nature of the outbreak, the lack of aegypti on 
Tafahi in the recent past, as well as the low levels of aegypti on Niuatoputapu 
less than 2 years prior to the outbreak, it appears that kesseli is the only sus- 
pect vector on Tafahi and it is also likely to have been the major vector of the 
dengue-like illness on Niuatoputapu. 
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AEDES (STEGOMYIA) TONGAE TONGAE EDWARDS 
(Fics, 7) 8) 9:9 18; 44, 950164 


Aedes (Stegomyia) variegatus var. tongae Edwards 1926: 103 (o*, 9). 
Aedes (Stegomyia) tongae of Belkin 1962: 475 (in part). 
Aedes (Stegomyia) tongae Edwards, Huang 1972: 340 (c*, 9). 


MALE. Asin cooki, except for: Head. Proboscis dark-scaled, with 
some pale scales on the ventral side, slightly longer than forefemur; palpus 
slightly shorter than proboscis. Thorax. Scutum with median stripe from 
anterior margin, narrows slightly posteriorly and forks at beginning of the 
prescutellar space; prescutellar line and posterior dorsocentral line distinct, 
well developed, with narrow yellowish pale scales; the apical dark spot of the 
midlobe rather small; lower mesepimeral scale patch of medium size and nar- 
rowly connected to or sometimes separated from, the upper mesepimeral 
scale patch. Legs (Fig. 16). Fore- and midtarsi with a basal white band on 
tarsomeres 1,2; hindtarsus with a basal white band on tarsomeres 1-4, 
the ratio of length of white band to the total length of tarsomere is 0.33, 

0.33, 0.40 and 0.40-0.60; sometimes hindtarsus with a basal white band on 
tarsomere 4 interrupted by a few dark scales on ventral side as well, or 
basal white bands on tarsomeres 4, 5 interrupted by a stripe of dark scales 

on ventral side; sometimes hindtarsus with a basal white band on tarsomere 4 
interrupted by a few dark scales on ventral side as well, or basal white bands 
on ventral side. Abdomen (Fig. 14). Segment I with white scales on lat- 
erotergite and usually with a median pale spot as well; tergum II with a 
distinct median spot and with lateral white spots, or sometimes tergum 

II dorsally dark, with lateral white spots only; terga II-VI each with a 
complete sub-basal transverse pale band and with lateral white spots which 
are connected to the tergal band; tergum VII varied, with lateral white 
spots only or with a sub-basal median spot as well, or with sub-basal 
transverse complete or dotted band. Terminalia (Figs. 7, 13). Claspette 
with apical 0.28 usually slightly upturned and a basosternal angle present 
in lateral aspect (dissected claspette), usually with 6 (5-7) modified setae 
in a row on apical 0.20-0.25 of sternal side, lateral surface with fine 
setae extending basad to about level of modified setae, or to 0.33 of the entire 
claspette length; the modified setae rather stout and distinct. 

FEMALE. Essentially as in the male of cooki, differing in the following 
respects: Head. Palpus with white scales on apical half. Thorax. Apical 
dark spot of midlobe sometimes large. Abdomen (Fig. 15). Terga II-VI 
usually with complete or dotted subbasal transverse pale bands and connected 
to the lateral white spots; sometimes tergum VI with a subbasal median pale 
spot and with lateral white spots which are turned dorsomesally; rarely tergum 
VI with lateral white spots only; rarely terga II-VI each with a median pale 
spot and lateral white spots which are turned dorsomesally; tergum VII varied, 
asinthe male. Terminalia (Fig. 9). Insula with minute setae and with 6 
larger ones on apical 0.4; apical margin of tergum IX with well-developed 
lateral lobes, each with 5 (4-6) setae. | 

PUPA (Fig. 7). Cephalothorax. Seta 1-C usually single, long, much longer 
than 2,3-C, 3-C single, 4,7,12-C usually double (1, 2), 5-C usually double 
(1-3), 8-C usually with 2-4 branches, 9-C single, 10-C usually 3-branched 
(2-5), mesad and caudad of 11-C. Abdomen. Seta 1-II with 4-9 branches; 1-III 
usually double (1-4); 1-IV usually single (1,2); 5-IV-VI usually single, or some- 


36 Contrib. Amer. Ent. Inst., vol. 17, no. 3, 1980 


times 0-IV, V double, short, not reaching beyond posterior margin of following 
segment; 9-VIIT usually with 2 main stems (2-6) and lateral branches of varying 
length. | 

LARVA (Fig. 8). Head. Seta 6-C usually single (1,2), 7-C usually 3- 
branched (2,3), 10,13-C usually double (1,2), 11-C usually with 3-5 branches, 
12-C double, mentum with 9-11 teeth on each side. Thorax. Setae 1,4,7,14-P 
usually double (2,3), 9-M usually double (2,3), 7-T usually with 4-6 branches. 
Abdomen. Seta 6-I usually 4-branched (3-5), 7-I usually double (1,2); 6-II 
usually 3-branched (3-5), 1-VII usually 3-branched (2-4), 2-VII usually single 
(1,2); 1, 5- VIII usually with 3-5 branches, comb of 8-16 scales, ina single row, 
each scale with fine denticles at the base of the apical spine; seta 2-X usually 
3-branched (2-4), 3-X usually single (1,2), ventral brush with 4 pairs of setae 
on grid, each seta usually double, 4a,b-X sometimes single, rarely 3-branched, 
anal papillae 2.5-3.5 length of saddle. Siphon. Short, about 2.0-2.6 as long 
as wide, pecten teeth 8-20, evenly spaced, each tooth usually with one large 
and 1,2 small basal denticles; seta 1-S with 2-4 branches. 

TYPE-DATA. Aedes Stegomyia) variegatus var. tongae Edwards, type- 
male with associated terminalia ona slide, in BMNH; type-locality: Ha'apai, 
Tonga, 26-II-1925 (P. A. Buxton and G. H. Hopkins). 

DISTRIBUTION. This subspecies is presently known only from Tonga. 

In Tonga, it is known from the Ha'apai Group (Map V). 

3,413 specimens examined: 6290", 7789, 1790’ terminalia, 62 terminalia, 
409 L, 845 individual rearings (569 1, 843 p). 

TONGA. Ha'apai Group: (II-1925, P. A. Buxton and G. H. Hopkins), 
1c’, 29, 1o terminalia; Lifuka Island, (XI-XII-1971 progeny rearings in 
SEAMP), 1780", 1789, 69c’ terminalia, 19 terminalia, 71 L, 283 individual 
rearings (1711, 283 p); (XI-1971 individual rearings), 130’, 279, 2 o& termin- 
alia, 15 L; Luahoko Island, (X1-1971 progeny rearings inSEAMP), 4c, 59, 40 ter- 
minalia, 1 L, 12 individual rearings (12 1, 11 p); (XI-1971 individual rearings), 

17%, 232, 4% terminalia; Ha’ano Island, (VIII-1973 progeny rearings in SEAMP), 
2260, 2552, 460 terminalia, 52 terminalia, 56 L, 497 individual rearings (358 1, 
497 p); (1973 Coll. 181 & Coll. 182), 97°, 1262; (XI-1971 individual rearings), 
10°, 119, 2% terminalia, 14 L, 14 individual rearings (61, 14 p); Foa Island, 
(XI-1971 individual rearings), 20%, 12, 9 individual rearings (8 1, 9 p); Limu 
Island, (X1-1971 individual rearings), 4°, 10%, 4% terminalia, 42 L; Luangahu 
Island, (XI-1971 individual rearings), 6%, 132, 3c terminalia, 29 L; Nukunamo 
Island, (X1-1971 individual rearings), 6%, 149, 4% terminalia, 56 L, 19 indivi- 
dual rearings (91, 18 p); Tatafa Island, (XI-1971 individual rearings), 2°, 99, 
20 terminalia; Tofanga Island, (XI-individual rearings), 50%, 1°, 3% terminalia, 
23L, 7 individual rearings (3 1, 7 p); Uanukuhahake Island, (XI-1971 individual 
rearings), 2°, 1% terminalia, 14 L, 4 individual rearings (2 1, 4p); Uanukuhi- 
hifo Island, (X1-1971 individual rearings), 3%, 32, 3o terminalia, 15 L; Uiha 
Island, (X1-1971 individual rearings), 280%, 302, 60 terminalia; Uoleva Island, 
(XI-1971 individual rearings), 1%, 22, 1% terminalia, 24 L; Tofua Island, (V- 
VI-1963, UCLA collection), 24%, 402, 24% terminalia, 40 L; Matuku Island, 
(V-VI-1963, UCLA collection), 28°, 9 L. 

TAXONOMIC DISCUSSION. Aedes tongae tongae is a member of the tongae 
complex (cooki, kesseli, tongae tongae and tongae tabu), which is mainly con- 
fined to the Tonga islands, andappearstobeaform nativetothe Ha'apaiGroup. It 
isavery plastic, adaptable, and highly variable subspecies, whichapparently is in 
the process of evolving into more or less distinct forms within the Tonga islands. 
Considerable individual, ecological, and geographical variation is evident. 
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The females can easily be distinguished from those of cooki and kesseli by 
abdominal tergum VI which usually has a complete or dotted subbasal trans- 
verse pale band that is connected to the lateral white spots. In this respect, 
tongae tongae is extremely similar to tongae tabu but can be distinguished from 
tongae tabu by the characters in the key. However, these characters are sub- 
ject to variation. 

The male terminalia are of the type found in upolensis, pseudoscutellaris, 
cooki, kesseliand tongae tabu. Aedes tongae tongae is closer to cooki, 
kesseli, and tongae tabu in having the claspette with distinctly flattened, sharp- 
ly pointed modified setae on the sternal side in lateral aspect (dissected 
claspette), and the lateral surface of the claspette with fine setae extending basad 
to at most 0.4 of the entire claspette length. However, it can easily be dis- 
tinguished from those of cookz and kesseli by the claspette with 5-7 modified 
setae in a row on the apical 0. 20-0. 25 of the sternal side, the modified setae 
rather stout and distinct, and with a basosternal angle in lateral aspect (dis- 
sected claspette). In this respect, tongae tongae is extremely similar to tongae 
tabu but can be distinguished by the lateral surface of claspette which has setae 
extending basad to 0. 20-0.33 of the entire claspette length. In fongae tabu, 
the lateral surface of the claspette has setae extending basad to 0. 28-0. 40 of 
the entire claspette length. 

The pupa is indistinguishable from those of polynesiensis and tongae tabu. 

The larva shares a number of characters with pseudoscutellaris, polynesi- 
ensis, rvotumae, cooki and tongae tabu. It is closer to those of cooki and tongae 
tabu with setae 5-M double. It can, however, be distinguished from that of 
cooki by the setae 4a,b-X usually single or double. In this respect, tongae 
tongae is extremely similar to that of tongae tabu but can be distinguished from 
that of tongae tabu by the setae 4a,b-X usually double (1,2). In tongae tabu the 
setae 4a,b-X are usually single (1, 2). 

Aedes tongae tongae closely resembles cooki and tongae tabu. Asa result, 
both cooki and tongae tabu were mistaken for tongae tongae in the past. The 
present studies indicate that fongae tongae can be differentiated from closely 
related members of the scutellavis group only by characters in the male ter- 
minalia. Since there is a clear-cut, nonoverlapping difference in the male 
terminalia between tongae tongae and cooki (although occasionally the differ- 
ences between them tend to be very slight, but constant), we suggest that these 
2 taxa are specifically distinct. On the other hand, since there are no clear- 
cut differences in the male terminalia between tongae tongae and tongae tabu, 
we propose that these 2 forms are at most only subspecifically distinct. 

The character in the larva, seta 4a-X branched or single, used by 
Ramalingam and Belkin (1965) and Ramalingam (1976) to separate tongue 
tongae and tongae tabu, is not always reliable. It is unlike those of polynesi- 
ensis and pseudoscutellaris in which seta 4a-X branched or single is a reliable 
character. 

At the present time tongae tongae is the only known member of the scutel- 
lavis group on the Ha'apai Group (Lifuka, Luahoko, Ha'ano, Foa, Limu, 
Luangahu, Nukunamo, Tatafa, Tofanga, Uanukuhahake, Uanukuhihifo, Uiha, 
Uoleva, Tofua, Matuku), in the Tonga islands. 

BIONOMICS. Aedes tongae tongae is a diurnal biter common on all islands 
of the Ha'apai group (numbering over 60) and the only species encountered on 
many of the small uninhabited islands. It is the suspect vector of, and prob- 
ably the major vector of, subperiodic W. bancrofti in Ha'apai. It may also be 
involved in the transmission of D. immitis and the dengue viruses. Field 
studies were made from 30 October to 2 December 1971 and on 9 August 1973, 
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from 13 islands of the group. Two additional islands were sampled by 
S. Ramalingham in 1963. 

Immature habitats. Sixty-eight potential sites were surveyed for immature 
mosquitoes on 13 islands! of the Ha'apai group. Sixty-one of the 68 potential 
sites contained mosquitoes of which 49 were positive for tongae tongae (Table 
7). Seven sites were negative for mosquitoes: 1/6 ground pools, 4/42 tree 
holes, 1/6 coconuts, and 1/5 leaf axils. None of the ground water samples 
contained tongae tongae. The few positive leaf axil samples made during the 
study had only Ae. oceanicus. However, in 1963, Ramalingham*% made 2 leaf 
axil collections on Matuku Island; one in talo was ‘negative for mosquitoes and 
the other in Pandanus was positive for both tongae tongae and oceanicus. 
Matuku is a small uplifted limestone island, southwest of Ha'afeva (Map V). 
He made 3 additional leaf axil collections on Tofua, a large volcanic island to 
the west (Map V), all positive for mosquitoes; one in talo with only oceanicus 
and 2 from Pandanus, one with only tongae tongae and one associated with 
oceanicus. Even though the sample size was also small it is interesting that 
the 3 Pandanus leaf axil collections had tongae tongae. Like kesseli and cooki 
on Vava'u, tongae tongae has so far been collected only from Pandanus leaf 
axils and with the other 2 species only in paongo (P. whitmeeanus). It would 
be of interest to know whether the Pandanus leaf axil collections from Matuku 
and Tofua islands were also only from paongo. Of the natural immature habi- 
tats, 10.9% were negative for mosquitoes and 73. 4% were positive for tongae 
tongae. Two of the 4 samples from artificial containers (a large whale oil 
boiler and a bucket found in the bush) contained tongae tongae. There are 
relatively few types of immature habitats available on the low and usually 
small coral islands of the Ha'apai group. Accumulations of ground water are 
few and scattered, while the nearest volvanic rock holes occur on Tofua and 
Kao islands far to the west and no coral rock holes were observed on the 
islands surveyed. Crab holes may provide sites for tongae tongae, however 
the biting densities encountered during the study do not suggest profuse crab 
hole populations. The smaller uninhabited islands are dominated by coconut 
trees, plus scattered native trees and shrubs and very few introduced Pandanus 
and talo plants. Consequently, tree holes and coconuts (coconut - split, drink- 
ing and rat-eaten and coconut spathes), provided the only niches for tongae 
tongae with oceanicus occurring if there are suitable leaf axils available. The 
lack of standing water on most small islands precludes the presence of Ae. 
vexans, Cx. annulirostris and Cx. sitiens, 


11 ifuka (30), Uiha (13), Foa (2), Kauvai Ha'ano (4), the 9 uninhabited islands 
of Limu (3), Luahoko (2), Luangahau (2), Nukunamu (2), Tatafa (2), Tofanga 
(2), Uanukunahake (1), Uanukuhihifo (2), and Uoleva (3). 


2Ramalingham, S. (1965). The mosquito fauna of Samoa and Tonga and its 
relation to subperiodic Bancroftian filariasis. Univ. Calif., Los Angeles, 
Ph.D. dissertation, 172 p. 


The 24 immature collections made in 1963 by Ramalingham, (8 on Matuku 
Island, 5 positive and 16 on Tofua Island, 14 positive), appear to be the only 
other site collections made in Ha'apai. The collections were: 11/14 tree 
holes, tongae tongae, 2/4 coconuts, tongae tongae; 1/2 leaf axils (talo), oceani- 
cus; 3 leaf axils (Pandanus), 1 tongae tongae, 2 tongae tongae and oceanicus; 
and 1 ground pool, vexans. 
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Relative abundance of tongae tongae in aquatic habitats. Based on the sub- 
samples taken, 55.1% of all sites positive for tongae tongae were rated abun- 
dant, 12.2% common and 32.7% few (Table 7). Lifuka and Uiha islands have 
been separated from the other islands since they represent inhabited and larger 
islands which have more diverse habitats. On Lifuka and Uiha islands, 83.1% 
of the collections were positive for mosquitoes, 66.7% of those were positive 
for tongae tongae whereas all 25 of the collections made on the other islands 
were positive for fongae tongae. The relative abundance of tongae tongae in 
the first group was equally split between abundant (41.7%) and few, while it 
was 68.0% abundant and 24.0% few in the 2nd group. Large tree holes provided 
4 times as many abundant as few (12:3) while small tree holes had twice as 
many few as abundant (6:12). All coconuts positive for tongae tongae were 
abundant and 2/3 coconut spathes sampled provided abundant immatures of 
tongae tongae. The highest number of immatures/sample came from: the tree 
hole in a fallen tava (Pometia pinnata Forster) on Lifuka (142), closely followed 
by a split coconut on Uanukulihifo (141), a plastic bucket from the bush (121), 
and a coconut spathe on Tatafa (118). Sample counts ranged from 1 to 142 
immatures/positive collection for tongae tongae. The average number/ 
positive collection was 35.6 (1672/47). The average, median and range for 
each of the types of natural immature habitats were: tree holes 23.9 (908/38), 
15, 1-97, (small, 10.7 (214/20), 5, 2-29), (large, 38.6 (694/18), 26, 1-97); 
fallen tree, 96.5 (193/2), -, 51-142; coconut, 88.3 (353/4), 77, 58-141; and 
coconut spathes 72.7 (218/3), 90, 10-118. 

Immature habitat preference. The basic immature habitat for tongae ton- 
gae on the low islands in Ha'apai is the tree hole. Forty out of 44 collections 
(90.9%) were positive for tongae tongae (included also are the 2 fallen tree col- 
lections), Fallen plant parts, i.e. coconut and coconut spathes provided the 
only other numerous and productive immature collections. The biomass of 
tongae tongae produced at the time of the study was probably also in that order. 
Artificial containers were relatively insignificant at the time but will no doubt 
increase in number and diversity and become more important, especially on 
the inhabited islands. : 

Mosquito species composition at larval habitats. Species other than tongae 
tongae were collected on only 14 occasions (Table 8). Of the 61 collections 
positive for Culicidae: 49 contained tongae tongae, 5 aegypti, 3 Cx. quinque- 
jJasciatus, 4 oceanicus, 3 vexans and 2 Cx. annulirostris. No Cx. sitiens 
were found. Aedes tongae tongae was the only species in 47 collections and it 
was associated with other species of mosquitoes in only 2 samples; with aegypti 
in a large tree hole at the base of a mango in Pangai village, at a 3. 5:1 ratio; 
withaegyptiand Cx. quinquefasciatus in a large whale oil boiling pot (diameter 
1.2 m) at a ratio of 1:61:10. Aedes aegypti was abundant and was the only spe- 
cies found in a cistern; it was associated with Cx. quinquefasciatus in a whale 
oil boiling pot and a coconut shell used to dip water from the pot (8 aegypti: 

4 Cx. quinquefasciatus), Aedes oceanicus was identified in 4/5 leaf axil collec- 
tions, 2 kape (giant talo) and 2 Pandanus (paongo and tofua); the negative 

sample was derived from talo. It was abundant in 3 of the 4 collections, being 
few in the paongo sample. Aedes vexans was sampled from a grassy depres- 
sion and 2 flooded forest situations, one permanent and the other semiperman- 
ent. The latter had dense undergrowth and emergent vegetation of a terrestrial 
nature, indicating recent flooding. Culex annulirostris was taken on 2 occa- 
sions from permanent ground pools, one, a limestone sink 4.9 x 6.1 m and 
0.3-0.6 m deep with leaves covering the mud bottom in partial and deep shade. 
The other was a pond with a diameter of 23 m, filled with leaves and stems in 
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TABLE 8. Mosquito species composition at immature habitats. 


Species Total Mlifuka and Uiha Other islands (11) 
(No mosquitoes found) te, (7) ( 0) 
Ae. tongae tongae only 47 22 20 
Ae. tongae tongae with 1 1 0 
Ae. aegypti 
Ae. tongae tongae, Ae. 1 1 0 
aegypti and Cx. quin- 
quefasciatus 
Ae. aegypti only 1 ] 0 
Ae. aegypti with Cx. 2 2 0 
quinque fas ciatus 
Ae. oceanicus only 4 4. 0 
Ae. vexans only 3 3 0 
Cx. annulirostris only 2 2 0 
Total 68 43 pas 


direct sun. It is of interest that vexans and Cx. annulirostris were not asso- 
ciated in any of the last 4 sites. 

Invertebrate fauna associated with mosquito larval habitats. Sixty-five 
of 68 aquatic sites sampled (95.6%) provided invertebrate specimens including: 
61 (89.7%) positive for Culicidae and 49 (72.1%) for tongae tongae. Forty- 
seven (69.1%) provided invertebrates other than mosquitoes, with only 4 col- 
lections in which non-Culicidae were the only invertebrates recovered. The 
remaining 43 collections were all associated with mosquitoes. Table 9 gives 
a breakdown of the various categories of invertebrates recovered by type of 
habitat. The only non-arthropods of importance were the phylum Mollusca 
(all snails), with 13 samples (19.1%) including: ground water (3/6), tree holes 
(7/42) (2 small and 5 large), coconuts (2/6), and coconuts spathes. Pond 
snails were found in a pond on Uiha (3.7 x 3.7 x 1.2 m) which was apparently 
dug into the water table for watering plants, there were no Culicidae present 
but predaceous diving beetles and Notonectidae were recorded. Pond snails 
were also collected from 2 ground pools on Lifuka in association with Cx. 
annulirostris and various other arthropods. Interestingly, with the exceptions 
of Uiha and Lifuka, pond snails have been recovered only on Tongatapu. Two 
Annelida (Oligochaeta) were collected from a talo leaf axil and were not with 
any other invertebrates. Crustacea (Daphnia sp.) were sampled in 3 large 
tree holes - all were from man-made reservoirs, in the base of coconut 
trees, called "haka"' used for drinking water for people and horses. Surface 
mites (Acarina) were sampled from 3 tree holes and 2 split coconuts. The 
non-dipterous insects included: Collembola-one sample from a large tree 
hole on Uoleva with tongae tongae, Ceratopogonidae and Psychodidae; Odonata-3 
samples, a large tree hole in the base of an ifi tree (Inocarpus edulis J. R. and 
G. Forster) with an Anisoptera naiad (Libellulidae), Veliidae and no Culicidae, 
both Anisoptera and Zygoptera naiads were observed in 2 ground pools with Cx. 
annulirostris, pond snails, Veliidae, Notonectidae and, in one pond, diving 
beetles; aquatic Hemiptera were recovered in 4 samples and represented 
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Notonectidae and Veliidae, both on 3 occasions, twice in the aforementioned 
ground pools with Cx. annulirostris, etc., and Notonectidae in the pond on Uiha, 
while the Veliidae were with the Anisoptera naiad in the tree hole; Coleoptera 
(Dytiscidae and/or Hydrophilidae)-2 samples, with pond snails and Notonecti- 
dae on Uiha and in a ground pool with Cx. annulirostris on Lifuka. 

Non-culicid Diptera associated with tongae tongae. Thirty-eight of the 
aquatic sites (55.9%) sampled had non-culicid Diptera, only one of which did 
not contain tongae tongae (a split coconut from Uiha harbored only Cecidomyi- 
idae (51 larvae)). With the exception of the 2 samples from coconuts with 
Cecidomyiidae (Resseliella sp.) all non-culicid dipterous larvae were sampled 
in tree holes including the tree hole in a fallen tava (Pometia pinnata Forster) 
on Lifuka. Of the 42 tree holes plus the 2 tree holes in fallen trees 81.8% 
(36/44) had non-culicid dipterous larvae associated with tongae tongae and on 
one occasion in association with tongae tongae and aegypti, in a tree hole at 
the base of a mango with the ubiquitous ceratopogonid, D. hitchcock. 

Tipulidae were recovered in one sample from the "haka" in the base of a 
coconut tree in association with Daphnia sp., this was the only positive sample 
that did not also include D. hitchcocki. 

Chironomidae (Chironomus sp.) were collected only once, ina large tree 
hole in puko (Hernandia ovigera Linnaeus) on Lifuka, with both ceratopogonids 
and snails. . 

Psychodidae (Telmatoscopus sp. probably vitiensis) were sampled on 6 oc- 
casions always with tongae tongae and D. hitchcocki on Uiha, Kauvai - Ha'ano, 
Foa, Uoleva and Lifuka, in 3 large and 3 small tree holes, once also in associa- 
tion with Collembola and another also with snails. 

Ceratopogonidae, all Dasyhelea hitchcocki, were included in 35 of the 38 
collections positive for non-culicid Diptera (92.1%) and 79.5% (35/44) of all 
tree holes. They were collected on all islands surveyed, in all instances with 
tongae tongae and on the occasions cited above with aegypii. 

Biting activity. Biting-landing collections of tongae tongae were made on 8 
of the 13 islands surveyed (15 collections) between 0745-1615 h. The highest 
densities encountered were on Kauvai - Ha'ano in 3 collections, all in shade 
under trees: 2.8/min (1100-1110 h) November, 2.4/min (0800-0820 h) August 
2, 2.4/min (0820-0840 h) August; and one on the east side of Lifuka under a 
mango tree, 2.8/min (1020-1030 h) November. Two other collections were in 
excess of 2/min : Luahoko in shade under a puka tree, amid hundreds of nesting 
noddy terns (Anous sp. ), 2.1/min (0900-0910 h), and the north end of Lifuka in 
a coconut plantation with manioke (Manihot esculenta Crantz) and tall grass, 
2.2/min (1000-1010 h). Only 3 collections were less than 1.0/min, At what 
appeared to be a "'good" biting habitat on Uiha, only 2 biting-landing females 
were encountered (0.03/min), in an hour of collecting, this, in spite of the © 
fact that numerous males utilized the collector's head as a swarming marker. 
One biting-landing female was captured indoors at 1615 h. Almost half of the 
biting-landing collections provided males (6/15); one collection from Luangha 
contained only males (1400 h, native trees and bush, partial shade). The males 
had a landing rate of 1/min and many were swarming above and around the head. 
On Liumu (0930-0940 h) the biting-landing rate for females was 1.3/min while 
the landing rate for males was 0.7/min. Copulation was observed on Limu - 
the swarming marker being the top of the head, the union was initiated 10 cm 
above the head and the adults in copula dropped to the hair, they separated and 
departed in 10 to 20 seconds. On Tofanga Island (0745-0755 h), 12 male and 17 
female tongae tongae were captured, 1.2 and 1.7/min. The use of the human 
head as a swarming marker has been observed in all areas surveyed in the 
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Tonga area, but not to the extent observed with tongae tongaeé at the time of 
the survey, and likewise the male landing rates were insignificant in all other 
areas studied. Ramalingam* made 5 biting-landing collections in the Ha'apai 
group of which 2 were positive for tongae tongae: a plantation and bushes on 
Matuku (1500-1700 h); and on Tofua in a hut in the bush at an elevation of 400 
feet (120 m) (0900-1100 h). The other 3 collections were at night; in a home 
on Nomuka Island (southern Ha'apai - Map V) at 2000-2130 h - Cx. annuliros- 
tris; Matuku - house (2100 h) oceanicus; and Tofua - hut (2100 h) oceanicus and 
Cx. annulirostris. A request was made to catch some mosquitoes in the 
Palace at Pangai on Lifuka, since so many mosquitoes were biting during the 
day. All captured were aegypti, the primary sources being the whale oil boil- 
ing pot, roof gutters and a cistern. 

Fecundity. Fifty-nine egg batches (3,901 eggs) were deposited by tongae 
tongae ranging from 20 to 113 eggs per female, with a mean of 66.1 anda 
median of 68. Two groups of eggs were studied, 41 batches from August 1973 
and 18 from November 1971. These groups have been separated to demon- 
strate the relative fecundity at different times of the year. The adults were 
captured, in a similar ecological setting, within 0.8 km of each other, on 
Kauvai-Ha'ano Island. The winter-spring population of relatively robust, 
August 1973, females had the highest frequency in the 90-99 clutch size (7/41) 
closely followed by the 80-89 clutch size (6/41) with 41. 5% of the egg batches 
80 or more with 53.6% (22/41) in excess of 70 per female. The corresponding 
frequency distribution for the summer population (November 1971) was in the 
50-59 (4/18) and 60-69 (4/18) clutch sizes with only 27.8% (5/18) of the females 
laying more than 70 eggs. The mean clutch sizes were 66. 3 (2, 720/41) and 
65.6 (1,181/18) with corresponding median batches of 73 and 60 per female in 
ranges of 20-113 and 28-106. 

Fertility. Progeny rearings derived from tongae tongae collected and fed 
on Kauvai-Ha'ani Island and reared on Tongatapu provided data on the "effec- 
tive fertility"’ based on survival to 4th stage larvae. The overall "effective 
fertility" rate from 6 females was 90.4% with 431 of 477 eggs hatching and sur- 
viving to at least 4th stage larvae. The rates for the individual females were: 
73. 5% (36/49), 87. 7% (93/106), 90.3% (84/93), 92.0% (81/88), 95.9% (70/73) 
and 98.5% (67/68). 

Gonotrophic cycle. The length of time from blood feeding to commence- 
ment of oviposition was determined for 28 fongae tongae in Pangi, Lifuka for 
November-December 1971. The females were fed at 1600 h on 30 November 
with oviposition commencing on 2 December at 1000 h (66 hours) and the last 
female ovipositing by 1800 h (98 hours), on 3 December. The average ovi- 
position was 77.7 hours with 50% of the females commencing oviposition be- 
tween 72 and 74 hours (72 h 1600, 5; 73h 1700, 3; 74h 1800, 6). An addition- 
al 5 oviposited between 76 and 80 hours (2000-2400) another 4 between 81-85 
hours (0100-0500) and 3 by 88.5 hours (0830). 65. 9% oviposited during the 8 
hours from 72-80, 82.1% during the 12 hours following 72, and 92.9% (26/28) 
during day 4, i.e. 72-96 hours post blood meal. A seasonal difference was 
also observed in the length of the gonotrophic cycle of /ongae tongae with an 
increase in length among the winter-spring population as compared to the 
summer population. Unfortunately, the data have been complicated and com- 
pounded by the fact that the Ha'apai caught and fed (0900 h 9 August 1973) fe- 
males were transported to Tongatapu on the following day, where the average 
temperatures are usually 2-39 C cooler than in Ha'apai. Of the 44 females 


*Ramalingam, unpublished Ph.D. thesis, l.c. 
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under observation, only 2 (4.5%) commenced oviposition, on day 4 (as com- 
pared to 92.9% in the summer population), while 35 (79.5%) oviposited on day 
0, 9 on day 6 and 1 on day 7. 

Autogeny. Aedes tongae tongae was also found to be autogeneous in a col- 
ony developed from eggs derived from the 1971 study. 

MEDICAL IMPORTANCE. Aedes tongae tongae is the suspect vector of 
subperiodic W. bancrofti and dengue-1 and dengue-2 viruses. It also probably 
transmits D. immitis. 

Filariasis. Unfortunately, tongae tongae remains a suspect vector of W. 
bancrofti since no dissections have been made for naturally infected specimens. 
We made a parasitological and clinical survey of Koulo village and some 
people in Pangai on Lifuka Island for filariasis in August 1973. * The overall 
microfilaria rate for 309 villagers of all age groups was 51.5% by the mem- 
brane filter concentration technique (MFC). This rate would calculate to 20.4% 
by the usual 60 cmm blood film technique. These figures include 172 people 
(55. 7%) under 20 years of age, including 82 (26.5%) less than 10 years. The 
microfilaria rates for the sample 20 years and over was 62.8% (86/137) by 
MFC which would calculate to 32.8% (45/137) by 60 cmm blood film. The 
microfilaria rates characterize an area of very high endemicity, with abundant 
and efficient vectors of W. bancrofti. Aedes oceanicus is present and a con- 
firmed vector in Tonga (Hitchcock 1971), however, the high endemicity shown 
suggests that fongae tongae, the only member of the scutellaris group present 
in Ha'apai, is not only a suspect vector but probably the major vector of sub- 
periodic W. bancrofti in the Ha'apai group. Although no data are available on 
D. immitis, is more than likely present and probably transmitted by tongue 
tongae., 

Dengue. Cases of dengue-like illness were reported from Ha'apai during 
both the dengue-2 outbreak of 1974 and the dengue-1 outbreak of 1975. Aedes 
aegypti, a known vector of dengue, is present, but of spotty distribution. Con- 
sequently, fongae tongae may have also played a role in transmission, as has 
been suggested for other members of the scutellaris group, and should be con- 
sidered a suspect vector of dengue. 


AEDES (STEGOMYIA) TONGAE TABU RAMALINGAM AND BELKIN 
(Migs) Toad, 1a ae 14a Pee) | 


Aedes (Stegomyia) tongae of Belkin 1962: 475 (o*, 9, P*, L*, in part). 
Aedes (SStegomyia) tabu Ramalingam and Belkin 1965: 1 (o*, 9, P*, L); 
Ramalingam 1976: 306 (biology). 


As in cooki except for: 

MALE. Head. Proboscis dark scaled, with some pale scales on the ven- 
tral side, slightly longer than forefemur. Thorax. Scutum with median stripe 
usually rather narrow from anterior margin, narrows slightly posteriorly and 
forks at beginning of the prescutellar space; prescutellar line and posterior 
dorsocentral line usually distinct, well developed, with narrow yellowish pale 
scales; the apical dark spot of midlobe rather small; lower mesepimeral scale 
patch of medium or large size and separatedfrom, or sometimes narrowly connec- 
ted to, the upper mesepimeral scale patch. Legs (Fig. 16). Hindfemur anteri- 


*Unpublished data, but combined with Te'ekiu village, Tongatapu in Desowitz 
et al. 1976. 
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orly with a rather narrow median white longitudinal stripe which widens at 
basal 0.25-0.40 and is separated from apical white scale patch; fore- and mid- 
tarsi with basal white bands on tarsomeres 1, 2; hindtarsus with basal white 
bands on tarsomeres 1-4, the ratio of length of white band to the total length of 
tarsomere is 0.33, 0.33, 0.40 and 0.40-0.60; tarsomere 5 all white, or some- 
‘times with a few dark scales at tip on ventral side; sometimes hindtarsus with 
basal white band on tarsomere 4 interrupted by a few dark scales on ventral 
side as well, or basal white bands on tarsomeres 4, 5 interrupted by a stripe 
of dark scales on ventral side. Abdomen. Fig. 14). Segment I with white 
scales on laterotergite, or sometimes with a median pale spot as well; tergum 
II with a distinct median white spot and with lateral white spots, or sometimes 
tergum II dark dorsally, with lateral white spots only; terga III-VI each with a 
complete sub-basal transverse pale band and with lateral white spots which are 
connected to the tergal band; tergum VII varied, with lateral white spots only 
or with a sub-basal median spot as well, or with sub-basal transverse com- 
plete or dotted band. Terminalia (Figs. 10, 13). Claspette simple, slender, 
sternal and tergal sides parallel, apical 0.33 usually slightly upturned and a 
basosternal angle present in lateral aspect (dissected claspette), usually with 
6 or 7 modified setae in a row on apical 0. 20-0. 25 of sternal side, lateral sur- 
face with setae extending basad to 0. 28-0. 40 of the entire claspette length; the 
modified setae rather stout and distinct; apex tergally with setae about 0.50 as 
long as entire claspette length. 

FEMALE. Essentially as in the male, differing in the following respects: 
Head. Palpus with white scales on apical half or more. Thorax. Apical dark 
spot of midlobe sometimes large. Abdomen (Fig. 15). Terga III-VI usually 
with complete or dotted sub-basal transverse pale bands and connected to the 
lateral white spots; sometimes tergum VI with a sub-basal median pale spot 
and with lateral white spots which are turned dorsomesally; rarely tergum VI 
with lateral white spots only; rarely terga II-VI each with a median pale spot 
and lateral white spots which are turned dorsomesally; tergum VII varied, as 
inthe male. Terminalia (Fig. 12). Insula with minute setae and with 6 larger 
ones on apical 0.4; tergum IX with well-developed lateral lobes, each with 
5 (4-6) setae. 

PUPA (Fig. 10). Cephalothorvax. Trumpet about 3.8 as long as wide at the 
middle; seta 1-C usually single, about length of 3-C, 3-C single, long, 4-C 
usually double (1,2), 5-C usually double (1-3), 7-C usually double (1,2), 8-C 
usually 4-branched (2-8), 10-C usually 4-branched (2-6), 12-C usually single 
(1,2). Abdomen. Seta 1-II with 4-16 branches; 1-III usually double (1-5); 1-IV 
usually single (1,2); 5-IV-VI usually single, or sometimes 5-IV, V double, 
usually short, not reaching beyond posterior margin of following segment; 9- 
VI, VII usually single, stout and barbed, or sometimes 9-VI, VII double, much 
stouter and longer than preceding ones; 9-VIII usually with 3 main stems (2-4), 
and lateral branches of varying length. 

LARVA (Fig. 11). Head. Seta 7-C usually 3-branched (2,3), 10-C usually 
double (1,2), 12-C double, 13-C usually single (1,2), mentum with 10,11 teeth 
on each side. Thovax. Seta 1-P usually 3-branched (2,3), 4, 7-P usually 
double (2,3), 14-P usually with 3,4 branches; 9-M usually 3-branched (2, 3); 
7-T usually with 4-7 branches. Abdomen. Seta 6-I usually 4-branched (3-5), 
6-II usually 3-branched (3-5), 7-II usually 2-branched (2,3); 6-III-V usually 
double; 6-VI usually single (1,2); 1-VII usually 3-branched (2-4), 2-VII usually 
single (1,2); 5- VIII usually with 3, 4 branches; comb of 8-14 scales, ina single 
row, each scale with fine denticles at the base of the apical spine, sometimes 
comb scale with apical spine split at tip; seta 2-X usually with 2,3 branches, 
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sometimes 4-branched, 3-X single; ventral brush with 4 pairs of setae on grid, 
4a,b-X usually single (1,2), 4c,d-X usually double (2,3), anal papillae 2. 5- 
3.0 length of saddle. Siphon. Short, about 2.0-2.6 as long as wide, pecten 
teeth 8-18, evenly spaced, each tooth usually with one large and one small 
basal denticle. 

TYPE-DATA. Aedes (Stegomyia) tabu Ramalingam and Belkin, holotype 
male (234-25) with associated larval and pupal skins and terminalia on a slide, 
allotype female (235-26) with associated larval and pupal skins, in USNM; type- 
locality: Eua Island, Tonga, 17-VI-1963 (S. Ramalingam). Paratypes: 1 male 
(223-102) with associated pupal skin, 14-VI-1963, 1 whole larva (235), 17-VI- 
1963, in BMNH; 1 female (228-101), 1 male (228-102) with associated pupal 
skins, 15-VI-1963, 1 male (234-101) with associated pupal skin, 2 whole lar- 
vae, 1 male (235-109) with associated pupal skin, 1 whole larva (235), 17-VI- 
1963, in (UCLA); 1 male (235-3), 1 whole larva (235), 17-VI-1963, in Univer- 
sity of Queensland, Brisbane, Australia, 1 whole larva (235), in USNM. All 
specimens from Eua Island, Tonga, collected by S. Ramalingam. 

DISTRIBUTION. This subspecies is presently known only from the 
Tongatapu Group of Tonga (Map VI). 

1,482 specimens examined: 2040, 1589, 860° terminalia, 59 terminalia, 
241 L, 405 individual rearings (383 1, 405 p). 

TONGA. Tongatapu Group: Pangaimotu Island. (X-1973 progeny rearings 
in SEAMP), 1040, 1089, 240" terminalia, 92 L, 254 individual rearings (254 1, 
254 p); Tongatapu Island, Nuku'alofa, (VII-1972 individual rearings), 180%, 159, 
60° terminalia, 14 L, 35 individual rearings (13 1, 35 p); (III-1925, G. H. E. 
Hopkins), 2 L; Hofoa, (V-VI-1963, UCLA collection), 40", 4c’ terminalia, 26 L; 
Houma, (V-VI-1963, UCLA collection), 40°, 4c‘ terminalia, 2 L; Matahau, 
(V-VI-1963, UCLA collection), 40°, 4c’ terminalia, 9 L; Eua Island, (I-1974 
progeny rearings in SEAMP), 480", 349, 220° terminalia, 49 terminalia, 81 L, 
114 individual rearings (1141, 114 p); (VI-1963, S. Ramalingam), 1c’, 19, 1c 
terminalia, 2 individual rearings (2 1, 2 p); (V-VI-1963, UCLA collection), 
210°, 210° terminalia, 19 terminalia, 15 L. 

TAXONOMIC DISCUSSION. Aedes tongae tabu, a member of the scutellaris 
group, is extremely similar to other members of the group in the Tonga islands. 
The females have stronger white abdominal bands than those of cooki and 
kesseli and approach the condition in that of tongae tongae. The male ter- 
minalia are very similar to those of tongae tongae, but the setae on the lateral 
surface of the claspette are more extensive. However, this is not always a 
reliable character, for there is considerable variation in tongae tabu, as well 
as in longae tongae, as indicated in the key. 

The pupa is extremely similar to those of polynesiensis, cooki and tongae 
tongae in seta 9-VI, VII usually single, stout, and barbed, or forked at the tip. 
It is indistinguishable from those of polynesiensis and tongae tongae but can be 
distinguished from that of cookz by the seta 5-IV, V which is usually single. 

The larva is very similar to that of pseudoscutellavis but can easily be 
distinguished by the branched condition of seta 5-M. It is also very similar 
to those of cooki and tongae tongae but can be distinguished by the setae 4a,b-X 
which are usually single (1-2). In cooki, the setae 4a,b-X are usually 3- 
branched (2-4); in tongae tongae, 4a,b-X are usually double (1, 2). 

Aedes tongae tabu is evidently most closely related to tongae tongae from 
Ha'apai. Aedes Stegomyia) tabu was originally described by Ramalingam and 
Belkin (1965: 1) as a distinct species from Eua Island. The present studies 
indicated that there are no clear-cut differences in all stages of these 2 forms 
and that fabu does not occur in the Ha'apai Group where fongae is the dominant 
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form. This evidence suggests that these 2 forms are only subspecifically 
distinct. 

Ramalingam and Belkin (1965: 2) mentioned that both hairy and nonhairy 
larvae are known. 

At the present time tongae tabu is the only known member of the scutellaris 
group on the Tongatapu Group (Pangaimotu, Tongatapu, Eua), in the Tonga 
islands. 

BIONOMICS. Aedes tongae tabu is a common diurnal man-biting species, 
expecially abundant on the uninhabited islands near Nuku'alofa where there are 
numerous crab holes. It is abundant in the bush, common in villages and like 
cooki and kesseli is not infrequently found biting in houses. It is a confirmed 
vector of W. bancrofti and was also found naturally infected with D. immitis. 
Aedes tongae tabu was infected with dengue-2 and is a suspect vector of dengue- 
1 virus. Field studies were made in the Tongatapu group between 1972 and 
1975. Unlike the other species and subspecies, i.e. cooki, kesseli and tongae 
tongae, significant work was done on fongae tabu prior to our studies. The 
work by Dr. Shivaji Ramalingam during May and June of 1963 resulted in the 
description of tabu (Ramalingam and Belkin 1965), its incrimination as a vector 
of W. bancrofti by both natural and experimental infections (Ramalingam and 
Belkin 1964, 1965, Ramalingam*), and important data on its bionomics (Ram- 
alingam*, 1968, 1976). Someof his data have been summarized for compari- 
son. Besides extending his findings, our work has also contributed some new 
and significant data. 

Immature habitats. Two hundred and nineteen sites were surveyed for 
immature mosquitoes in the Tongatapu group during the study. Of these, 146 
(66.7%) were positive for mosquitoes with 43.8% positive for tongae tabu 
(Table 10). Aedes tongae tabu were collected in: tree holes, coconuts, a 
coconut spathe, leaf axils of a giant talo, giant clam shells, and artificial 
containers. Seventy-three samples (33. 3%) did not contain mosquitoes and 40 
samples which provided mosquitoes were not found with tongae tabu. There 
was a predominance of artificial habitat samples (67.6%). This is primarily 
accountable to two dengue outbreaks which occurred on Tongatapu in 1974 and 
1975 which resulted in 4 village larval surveys and additional peridomestic 
surveys in the premises of suspected dengue cases. The majority of immature 
habitats in the peridomestic environment are man-provided; which includes all 
artificial containers as well as many coconut shells, decorative giant clam 
shells and even leaf axils. Since almost two-thirds of the kingdom lives on the 
254 km2 Tongatapu Island (an estimated 1974 population of 63, 000 of 95, 000), 
peridomestic habitats, especially artificial ones, provide significant man- 
mosquito contact. Thus the numerous artificial habitats sampled may be pro- 
portionally valid. Table 10 also gives a summary of the important collections 
made by Ramalingam (unpublished Ph.D. thesis, l.c.) in 1963. Although all 
ground pools sampled were positive for mosquitoes, none contained tongae tabu. 
All tree holes positive for mosquitoes had tongae tabu, however, more than 
50% of the small tree holes were negative. Immature fongae tabu occurred in 
68.6% of the coconut shells sampled, however, of the 29 recorded by type, 
tongae tabu was in only 10/17 split coconuts (one additional nut had Cx. quin- 
quefasciatus only) while it was found in 8/10 drinking nuts and 2/2 rat-eaten 
coconuts. Only one coconut spathe was sampled and positive (Ramalingam 


*Ramalingam, S. 1965. The mosquito fauna of Samoa and Tonga and its rela- 
tionship to subperiodic Bancroftian filariasis. Ph.D. thesis, Univ. of 
California, Los Angeles. 172 p. 
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also sampled one). Aedes tongae tabu was found in 1/2 giant talo with Ae. 
oceanicus. Ramalingam recovered tongae tabu in both giant talo and talo, 
always with oceanicus; but it was not recovered in the 4 Pandanus collections 
positive for oceanicus. Laird (1956) made a Pandanus collection on Tongatapu 
in 1953 that was positive for oceanicus (identified as samoanus (Gruenberg)). 
Giant clam shells (Tridacna gigas) are utilized as decorations and borders, 
although 2/4 sampled provided tongae tabu, it is very unusual to find positive 
shells, even though the shells are abundant and often contain water. Unless 
there is profuse detritus, the shells do not appear to attract ovipositing females. 
The majority of shells observed were in direct sun for at least part of the day, 
and it is possible that the thermal death point was reached often enough to 
render the niche ineffective for tongae tabu, however, those in partial or full 
shade also seldom contain immature mosquitoes. Artificial larval habitats 
have been further subdivided in Table 11. Of large containers, only 23.7% 
were negative for mosquitoes, while 54.9% of the small ones did not provide 
mosquitoes. Interestingly, those positive for tongae tabu were similar in both 
i.e. 38.1% and 39.2% respectively. Only 3/35 drums were negative with 57.1% 
positive for tongae tabu. Almost 0.5 of the cisterns were negative (46. 1%) 
and only 3 positive for fongae tabu. However, concrete cisterns provided only 
8 positive collections (44.4%), with one for tongue tabu (5.6%), while 75% of the 
metal cisterns had mosquitoes, only 25% had tongae tabu. Tires were good lar- 
val habitats (73.9% positive) with 34.8% positive for tongae tabu. Fifty percent 
of the unused water seal toilets contained tongae tabu. Most tin cans were nega- 
tive for mosquitoes (60%) while 11/12 positive provided tongae tabu. The other 
positive tin can contained only vexans - an unusual site for this species. 
Relative abundance of tongae tabu in aquatic habitats. The overall relative 
abundance observed for tongae tabu (Table 10) of the 96 positive sites was: 
33.3% abundant, 19.8% common and 46.9% few. However, 53.8% of the natur- 
al aquatic sites were abundant and 25.6% few, while among artificial containers 
it was 61. 4% few to 19.3% abundant. Tree holes provided a relatively even 
distribution of about 0.33 in each category; however, only 1/7 small tree holes 
were abundant while 2/4 large tree holes were abundant. The only other sig- 
nificant natural site was coconuts where 70.8% were abundant and only 12. 5% 
were few. The single coconut spathe sampled was, as usual for this niche, 
abundant. The relatively unexploited niche, provided by giant clam shells, 
gave few in the 2 rare positives. Between the small and large artificial sites, 
the small are slightly more favorable in both abundant (25.0% to 16. 2%) and 
few (55.0% to 64.9%). However, if the different major types of artificial sites 
are examined (Table 11), it is apparent that there are wide differences in their 
acceptability as immature habitats. Cisterns are very poor sites with concrete 
cisterns nearly sterile. Only 8/18 concrete cisterns were positive for mos- 
quitoes, one for tongae tabu, 2 for aegypti and 7 for Cx. quinquefasciatus, 
however in all cases, the samples provided fewer than 10 specimens. Seventy- 
five percent of the metal water tanks were positive for mosquitoes, 2 for tongae 
tabu and although tongae tabu were few, one tank provided abundant Cx. quin- 
quefasciatus and one common aegypti. Fifty gallon drums commonly used as 
water storage units and for water seal toilet flush water usually contained mos- 
quitoes (8.6% negative) and provided a mixed group of larvae which were usu- 
ally few (80.0% tongae tabu, 58.6% aegypti, 88.9% Cx. quinquefasciatus), _ 
Occasionally, large absolute numbers occurred, e.g. Te'ekiu village - 99 fon- 
gae tabu and 132 Cx. quinquefasciatus, Lavengatonga village - 30 tongae tabu 
and 188 aegypti and Fuamoto village - 34 tongae tabu and 205 aegypti. Water 
seal toilet drums, because they are often emptied and disturbed, are not as 
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favorable as the usual 50 gallon drum. Tires are widely scattered and excel- 
lent sites for all peridomestic mosquitoes. Of those sampled, only 26. 1% did 
not contain larvae, while 34.8% contained each of the 3 common peridomestic 
species with 12. 5% considered abundant in fongae tabu, 37.5% in aegypti and 
95.0% in Cx. quinquefasciatus. Unused water seal toilets provided abundant 
larvae of tongae tabu in 2/6, while tin cans gave abundant samples in o/ 11, 
Most artificial sites are not as individually important as natural ones, however, 
the large number of artificial sites in peridomestic areas at least partially 
-makes up for the rather inefficient production rates. Virtually all the man- 
produced larval habitats can either be eliminated, modified or moved to reduce 
peridomestic populations. 

Immature habitat preference. There are 4 major natural immature habi- 
tats for tongae tabu - tree holes, coconuts, leaf axils and crab holes. Although 
no crab holes were sampled (either in our survey or that of Ramalingam), they 
are abundant in some of the smaller islands and on areas of Tongatapu where 
the concurrent mosquito biting rate is relatively high. In some localities, 
crab holes may be the most important immature habitat for tongae tabu, how- 
ever, in general, the order of preference from our observations is usually 
coconuts - tree holes - leaf axils. Artificial containers in peridomestic habi- 
tats vie for first place with 50 gallon drums at the top of the list. Coconut 
shells, either split, drinking or rat-eaten are common in the bush and extreme- 
ly abundant in the village. Quite often there are large heaps of split coconuts 
related to copra production as well as piles created by domestic use. Drink- 
ing nuts and rat-eaten nuts are more common inthe bush. The largest abso- 
lute numbers of tongae tabu were derived from coconuts: a rat-eaten coconut 
on Pangaimotu provided 152 immatures while a split coconut and a drinking 
nut in Te'ekiu village provided 102 and 100+ larvae respectively. The positive 
leaf axil collection provided few larvae of both tongae tabu and oceanicus. 
Aedes tongae tabu, like cooki on Niue, utilizes Colocasia leaf axils, however, 
not as extensively as cooki which has no competitor for the niche on Niue. 

The proportion of Colocasia leaf axils with tongae tabu in Ramalingam's 1963 
collection is significant (10/16 or 62.5%) (Table 10) and has not been shown 

for any other areas or species under discussion, with the exception of cooki, 
and then only for the Niue population. On the basis of the few collections made 
from Pandanus leaf axils in the Tongatapu group, the utilization of this habitat 
by tongae tabu cannot be eliminated. Further collections, especially from P. 
whitmeeanus, might prove positive. The order of preference of artificial 
containers were 50 gallon drum followed by unused water seal toilets, tires and 
tin cans. Concrete cisterns are the least attractive of potential artificial 
habitats. 

Mosquito species composition at larval habitats. Aedes tongae tabu was 
found in association with other mosquito species in 44 (45. 8%) of 96 collections: 
aegypti (33), oceanicus (1), vexans (1), Cx. annulirostris (2), Cx. quinque- 
fasciatus (19) and Cx. sitiens (1). The species composition of all larval habi- 
tats by category is summarized in Table 12. There were 16 combinations of 
mosquito composition at the sites sampled. Ramalingam found 2 additional 
combinations during his survey*. In the 146 positive collections for Culicidae: 
65. 7% contained tongae tabu, 38.4% aegypti, 27. 4% Cx. quinquefasciatus, 

5.5% Cx. annulirostris, 4.1% vexans, 1.4% oceanicus and 0.68% Cx. sitiens. 


*Culex quinquefasciatus and Cx. sitiens in a concrete cistern and tongae tabu 
with Cx. annulirostris in a 50 gallon drum (Ramalingam, unpublished Ph. D. 
thesis, l.c.). 


Huang and Hitchcock: Aedes scutellaris group of Tonga 53 


One collection contained 5 species: tongae tabu> Cx. annulirostris > vexans > 
aegypti > Cx. quinquefasciatus, This unique collection was made from a wash 
tub in Nuku'alofa within which was a rusted out wash basin that was used as a 
planter for afern. Four species were associated in a 50 gallon drum in Longo- 
teme village: aegypti> Cx. quinquefasciatus> tongae tabu and annulirostris. 
Eight collections provided 3 species in association, 7 of which were tongae 
tabu, aegypti and Cx. quinquefasciatus all in large artificial containers includ- 
ing 4 times in drums; the 8th was tongae tabu, Cx. quinquefasciatus and Cx. 
sitiens associated ina tire. Two species were recovered from the same site 
on 40 occasions, 8 (20%) of which were from natural sites, including 2 from 
ground pools, i.e. vexans and Cx. annulirostris, and Cx. annulirostris and 
Cx. quinquefasciatus. The other 6 collections included: tongae tabu and 
aegypti in a large tree hole in a mango at Longoteme village, tongae tabu and 
oceanicus in the leaf axils of giant talo and 4 tongae tabu - Cx. quinquefascia- 
tus associations from Te'ekiu village, 2 in drinking coconuts and 2 in small 
tree holes. There were also only 8 collections from natural aquatic habitats 
(excluding ground pools) that provided species other than tongae tabu and 
include the 6 previous sites plus a split coconut with only Cx. quinquefasciatus 
and another leaf axil collection with only oceanicus. All other associations 
were in artificial containers of which drums provided the greatest acceptability 
(91. 4% positive) to numerous species: fongae tabu (20), aegypti (29), Cx. quin- 
quefasciatus (9) and Cx. annulirostris (1), all in 32 positive drums. Drums 
were closely followed by tires (73.9% positive) with 5 species in the 17 positive 
collections: tongae tabu (8), aegypti (8), Cx. quinquefasciatus (8), Cx. annuli- 
vostris (1) and Cx. sitiens (1). There were 96 collections (65.8% of 146 posi- 
tive) where only one species was recovered: tongae tabu (52), aegypti (19), 
Cx. quinquefasciatus (16), vexans (4), Cx. annulirostris (4) and oceanicus (1). 
Aedes tongae tabu, aegypti and Cx. quinquefasciatus were found in all categories 
of large artificial containers. Aedes tongae tabu was recovered from all imma- 
ture site categories cited (16/17) with the exception of ground pools, Cx. quin- 
quefasciatus was next with 11/17, closely followed by aegypti (9/17), Cx. annu- 
lirostris was a distant 4th with 4/17, followed by vexans (3/17). Of the ground 
pools, none contained tongae tabu, but included were 3 with vexans only, 2 
with Cx. annulirostris only, one with both (Cx. annulirostris > vexans), one 
with Cx. annulirostris and Cx. quinquefasciatus, and a hog wallow with only 
Cx. quinquefasciatus. Ramalingam (unpublished Ph.D. thesis, l.c.) sampled 
10 ground pools of which 8 were positive for mosquitoes - 7 with Cx. annuli- 
vostris only and one, surprisingly, with aegypti (muddy bottom in full sunlight 
on Nuku'alofa), an unusual site for the species. Based on Ramalingam's leaf 
axil collection, 50% (10/20) of those positive for mosquitoes contained tongae 
tabu, always in association with oceanicus. 

Invertebrate fauna found associated with mosquito larval habitats. One 
hundred and sixty-nine of 219 (77.2%) aquatic site collections were positive 
for invertebrates other than mosquitoes, 23 of which lacked mosquitoes, the 
remaining 31 being associated with mosquitoes. Table 13 gives the breakdown 
by recognized group of invertebrate and larval habitat category. Coconuts 
again provided the most diverse non-culicid fauna for natural habitats including 
a single collection from a split and fermenting coconut with Ceratopogonidae, 
Psychodidae, Cecidomyiidae and undetermined cyclorrhaphous larvae. Coco- 
nuts also provided tongae tabu and Cx. quinquejfasciatus, both in association 
and individually. Tin cans provided the most diverse artificial niche with 
snails, Annelida, Diplopoda, Collembola, Psychodidae, Chironomidae, 
Cecidomyiidae, cyclorrhaphous larvae and 2 Culicidae (tongae tabu and vexans 
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TABLE 12. Mosquito species composition at larval habitats sampled - 
Tongatapu Group - by larval habitat category. 
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TABLE 13. Invertebrate fauna associated with mosquito larval habitats. 
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(large tin cans also included Cx. quinquefasciatus and aegypii). 

Only 3 non-arthropod phyla were collected: the Protozoa, Mollusca and 
Annelida. The Protozoa was represented by the ciliate ectocommensal, Vovii- 
cella (probably microstoma), which was found on Cx. quinquefasciatus in an 
old tire from Te'ekiu. Although tongae tabu was collected from the same tire, 
Vorticella was observed only on Cx. quinquefasciatus, Laird (1956) made 7 
collections on Tongatapu in 1953 and found Vorticella microstoma Ehrenberg 
on Cx. annulirostris from a pond near Ola Ola, and on vexans from a brackish 
pond at Fanga Uta Lagoon. The Mollusca, all Gastropoda (snails), were found 
in 5 samples: a ground pool, 2 coconuts - drinking and split and 2 tin cans. 
Oligochaeta (phylum Annelida) were encountered with snails and tongae tabu 
in atin can. The arthropod class Diplopoda (millipedes) was collected from a 
tin can with tongae tabu and cyclorrhaphous larvae. Other than Diptera, the 
Insecta included 3 orders. Collembola were represented in 7 samples - 5 
from tin cans, a water seal toilet and a coconut; the Collembola were associ- 
ated with tongae tabu in 3 tin cans, twice with Cecidomyiidae, a tin can anda 
coconut and as the only invertebrate in a water seal toilet and a tin can. 
Hemiptera included the families Notonectidae, Gerridae and Veliidae, all from 
large artificial containers. Notonectidae, which are voracious predators of 
mosquito larvae were collected in a large drum with tongae tabu, Cx. quinque- 
fasciatus and aegypti, and a concrete cistern negative for mosquitoes but asso- 
ciated with the predatory Gerridae and Dytiscidae. The Geriidae and Veliidae 
were collected twice from concrete cisterns, both negative for mosquitoes and 
other noticeable invertebrates. Coleoptera (Dytiscidae) were recovered twice, 
in a ground pool in Te'ekiu with Cx. annulirostris, vexans and Gastropoda, 
and in the cistern above with Notonectidae and Gerridae. 

Non-culicid Diptera associated with tongae tabu. Of the non-culicid associ- 
ated invertebrates, the order Diptera was included in 75.9% of the samples 
and accounted for 24.3% of all samples positive for invertebrates including 
Culicidae. Psychodidae, 7. vitiensis, were found in 13 samples: 6 coconuts - 
associates, tongae tabu (4), Cecidomyiidae (5), Ceratopogonidae (2) and cyclor- 
rhaphous Diptera (2); 2 small tree holes - tongae tabu (2), Cx. quinquefasciatus 
(1), Ceratopogonidae (2); 3 tires - alone twice, and with Cx. quinquefasciatus 
once; a washtub with Cx. annulirostris and a tin with Chironomus sp. Chiro- 
nomidae, all Chironomus sp., were taken only in artificial containers (3): a 
water seal toilet with fongae tabu and aegypti, a tire with tongae tabu, Cx. 
quinquefasciatus and Cx. sitiens, andatin can. Ceratopogonidae represented 
29.6% of the samples positive for non-culicid invertebrates, of which 48. 4% 
were from natural sites. All were D. hitchcocki and, as usual, it dominated the 
tree hole habitat. Twelve of 20 (60%) were positive for D. hitchcocki while 
only 11 (55%) were positive for tongae tabu (68.8% of the small tree holes to 
43.8% for tongae tabu). It was in association with tongae tabu in 7 samples and 
with Cx. quinquefasciatus in 2, Psychodidae were also found twice with tongae 
tabu and once with Cx. quinquefasciatus. It was the only invertebrate found in 
5 tree holes, and in 2 of those, D. hitchcocki was so abundant that it may have 
influenced the absence of tongae tabu. Coconuts provided 3 collections: once 
on its own, once with tongae tabu, Psychodidae and Cecidomyiidae and finally 
with Psychodidae, Cecidomyiidae and cyclorrhaphous larvae. It was also taken 
in an artificial container (a bucket) with tongae tabu. Cecidomyiidae (Res- 
seliella sp.) were equal to Ceratopogonidae with 16 positive samples and it was 
the dominant non-culicid invertebrate in coconut shells (77.8% positive). It 
was associated with tongae tabu (8), cyclorrhaphous Diptera (4), Psychodidae 
(5), Ceratopogonidae (2), Collembola (1) and Gastropoda (1). Resseliella were 
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also taken from 2 artificial containers (quite similar to coconuts) both nega- 
tive for mosquitoes, a tin can with Collembola and a discarded beer bottle. 
Undetermined cyclorrhaphous larvae were collected on 8 occasions: 5 coco- 
nuts, with tongae tabu (3), Cecidomyiidae (4), Psychodidae (2), Ceratopogoni- 
dae (1) and alone (2); and 3 artificial containers: 2 tin cans one with tongae 
tabu and Diplopoda, the other with Gastropoda and a tire with Cx. quinquefas- 
ciatus., : 

Biting activity. Aedes tongae tabu is a diurnal biter, common throughout 
the Tongatapu group, being more abundant on small uninhabited islands (es- 
pecially where numerous crab holes are in evidence) and in the bush, than 
within villages, although it is among the dominant peridomestic species. It 
was collected from sea level to over 150 m elevation. Ramalingam (1965; 
unpublished Ph. D. thesis, l.c. ) describes a biting activity pattern where the 
peak activity is between 1000-1200 h, with a smaller late afternoon peak. He 
found none biting before sunrise or after sunset and concluded that it was 
strictly diurnal and a crepuscular biter. Although Ramalingam did not find 
tongae tabu inside houses (1968; 1976; unpublished Ph.D. thesis, l.c.), we 
found that it was a distant 2nd to Cx. quinquefasciatus in abundance and the 
same as oceanicus for species captured inside houses, based on 6 village 
surveys (4 in Te'ekiu, 2 in Longoteme) directed specifically at mosquitoes 
captured inside houses in the daytime. A total of 256 houses were surveyed, 
155 (60. 5%) of which were positive for indoor mosquitoes. Culex quinquefas- 
ciatus was recovered from 102 (39. 8% of all houses and 64. 8% positive), 
followed by tongae tabu and oceanicus with 19 positive (12.3%), aegypti with 18 
(11.6%) and vexans 12 (7.7%). While Cx. quinquefasciatus were collected in 
all abdominal stages from freshly fed to fully gravid, tongae tabu were either 
non-fed or freshly fed which meant that they were primarily entering the house 
to bite and that they departed soon after feeding, giving a point prevalence rate, 
rather than the accumulative rate (3 or 4 days) of Cx. quinquefasciatus, aegypti 
and vexans. Consequently, the importance of tongae tabu as an indoor-biting 
mosquito is grossly underestimated. During our studies, 25 timed 10 minute 
biting-landing collections were made at the same location on Tongatapu (Popu 
Hill) in the bush about 3.2 km east of Nuku'alofa. During the 250 minutes, 
1,119 tongae tabu were collected (plus 34 male tongae tabu and 5 female 
vexans), averaging 44.8/10 min period. The 10 minute periods were between 
0720-1300 h in 6 groups (3, 7, 4, 4, 3, 4; 15, 16, 17, 18, 19, and 20 April 
1974 between 1035-1112, 0720-0855, 1140-1230, 0900-0945, 0853-0930 and 
1205-1300 h respectively). The biting activity pattern from 0720-1300 h re- 
mained relatively constant. Although there were 25 to 88 tongae tabu females 
per 10 minute period, the mean number collected during any particular batch of 
collections was never greater than 5 mosquitoes from the overall mean of 
44,8/10 min period. The mode of 25 collections was 44 and the frequency 
distribution showed that the greatest number of collections, 8 (32%) were in the 
40-49 mosquito category with the mean of the means 44.4 (less than 0.5 from 
the overall mean). This series of grouped collections clearly demonstrates 
the phenomenon observed during our studies in other members of the scutellar- 
is group, that is, they tend to attack bait in waves and not on a regular random 
schedule which partly accounts for the variation in numbers among closely 
timed collections. For example, one series (0720-0855 h) shows a build-up 
over time from 25 to 88 (25, 27, 35, 48, 61, 88) with a drop in the last collec- 
tion of the series to 43. Another series (0900-0945 h) showed a constant de- 
cline, i.e. 63, 49, 34 and finally 27. All other collection series showed an 
up-down-up or up-down-up-down pattern indicating roughly the number of waves 
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during each 10 minute period and also something of the intensity of each wave. 
The interpretation given to the first example would be, that as the bait remains 
in the area, more and more mosquitoes are attracted to the bait and are drawn 
in from greater distances, with the last collection of the series suggesting 
that the available mosquitoes ready for a blood meal in the area have been de- 
pleted. The 2nd example would be explained on the basis that the available 
mosquitoes in the area were being gradually depleted. When the overall pic- 
ture is examined, these interpretations may not be valid since the average 
number of mosquitoes biting per series remained constant. The largest num- 
ber of mosquitoes captured during any 10 minute period was 88 at 0832-0841 h, 
after 50 minutes of collecting, suggesting an early morning peak similar to 
that observed for kesseli on Niuatoputapu. Ina crab hole area on Pangaimotu 
(September 1973), 2 sequential collections provided 49 and 14 female biting- 
landing tongae tabu (1230-1239 and 1243-1252 h), The highest series in a vil- 
lage was 12 and 14 (0905-0914 and 0920-0929 h), in back of a house near the 
peripheral bush in Te'ekiu prior to the village survey (9 August 1974), On 
Eua the highest series obtained was 14, 22, 8 (1000-1009, 1015-1024 and 
1030-1039 h 21 December 1973). Biting-landing surveys carried out in Te'ekiu 
village on Tongatapu with tongae tabu in August and December 1974 and showed 
much lower activity than comparable surveys with cooki and kesseli. During 
- August, 77 premises were surveyed, of which only 15 (19. 5%) were positive 
for mosquitoes, of which 14 were tongae tabu (18. 2%) for a total of 5 males 
and 26 females in 770 minutes of collecting, i.e. 0.03 females/min. In 
December, the biting-landing collections were terminated after 18 houses 
(180 minutes of collecting) as only one female tongae tabu was recovered, i.e. 
0.006/min. During the August survey, one aegypti and one oceanicus were 
also taken as biting-landing females. Because of the low biting activity ob- 
served during the first 3 days of the August survey (after 61 houses), a spot 
check was made at Popu Hill at midday (1205-1214 and 1218-1227 h on 22 
August) to ascertain if the overall mosquito biting activity was reduced on 
Tongatapu. The results were similar to those found in April 1973, i.e. 53 
and 28 tongae tabu respectively for the 2 sequential collections. It is obvious 
that the peridomestic biting activity of tongae tabu in Te'eikiu village does not 
compare with the biting frequencies encountered in similar surveys among 
the closely related species further north. Although the numbers dissected 
were small, there was a large proportion of tongae tabu which returned for a 
blood meal soon after oviposition in the bush (Popu Hill) and in the village 
(Te'ekiu). Of the parous females, 28.6% (12/42) had dilated follicular tubes 
(sacs) which returned to normal within 24 hours of oviposition. Dilated folli- 
cular tubes were found in 22.6% of the 1-parous females (7/31) and almost 
half (45. 5%) of those in the older age groups (5/11). Retained eggs were 
observed in 3 females (3/31 parous). Nullipars accounted for over half 
(53. 8%) of the females derived from the village biting-landing survey (14/26) 
while only 26. 8% (11/41) of the bush-caught and inside of house-caught tongae 
tabu were nulliparous. The sac rates for the village biting-landing females 
(5/12, 41.7%) also differed from the bush, indoor females (7/30, 23.3%). 
Fecundity. Fifty tongae tabu were isolated for individual oviposition and 
deposited 2,784 eggs. The mean number of eggs was 55.7 per female with a 
median of 49 and modes of 40-49 (10), 30-39 (9) and 70-79 (9). The egg 
batches were from 2 sources, 19 from Pangaimotu, an island near Nuku'alofa 
from females collected on 26 September 1973 and 31 females from Eua, the 
type-locality of tongae tabu in December 1973. The Pangaimotu females pro- 
vided a mean of 54.0 eggs per clutch with a median of 50 and a mode of 40-49, 
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while the Eua females hada bimodal distribution with 30-39 (8) and 70-79 (7), amean 
of 56.7 and a median of 48. Among the Eua tongae tabu collected, some fe- 
males were at the time recorded as small or large. Of those that produced 
normal egg batches and did not die during oviposition, there were 6 small 

with a mean clutch of 31.5 and a range of 22-38*, and 7 large which averaged 
84.7 per clutch and a range of 4-129**. The presence of small and large in- 
dividuals (41.9% of the sample, 13/31) helps to account for the bimodal distri- 
bution. 

Gonotrophic cycle. Precise time measurements were made on females 
collected and fed on Eua, then transported to Tongatapu for observation. 
Feedings were made on 20 and 21 December 1973 and observations were made 
on commencement of oviposition on 23 December from 0200 h (25 observations), 
24 December (39 observations) and 25 December (13 observations). The ob- 
servations were at 30 minute intervals until 2300 h on 23 December, then hour- 
ly until 0500 h, 24 December; then twice hourly until midnight followed by 
0100 h and 0300 h on 25 December when the last ovipositions were observed 
for those females fed on Eua. The first female oviposited between 1400- 

1430 h on 23 December which was 76.5 h from its feeding. The commence- 
ment of oviposition for 28 females studied ranged from 67. 5-85.5 h witha 
mean of 76.7 h and a median of 76h. By 80h, 71.4% commenced oviposition. 
During the last 5 hours of day 3, i.e. 67-71 h, 28.6% oviposited, while the 
remainder had all oviposited during the first 13 hours of day 4. As with fecun- 
dity, there seems to be a difference also in the length of the gonotrophic cycle 
between the noticably small and large tongae tabu captured on Eua, witha 
longer average gonotrophic cycle observed among the small (79.8 h, 478. 5/6) 
as compared to the large (71.6 h, 501/7). 

Autogeny. Aedes tongae tabu, as with other members of the scutellaris 
group in the Tonga area was shown to be autogenous among adults derived from 
eggs laid by females collected and fed on Eua Island, the type-locality (Hoyer 
and Rozeboom 1977). 

Mermithid parasitism on tongae tabu. A biting-landing female tongae tabu 
collected in Te'ekiu village on 22 August 1974 was found infected with 6 mermi- 
thids of various sizes, all in the abdomen. The mosquito was nulliparous with 
ovaries in a retarded condition similar to that observed in teneral females, 
and not in Christophers' stage II as usually seen in biting-landing females of the 
scutellaris group. This is the first record of parasitism by the nematode 
(Mermithidae) intongae tabuand the 2nd record in Tonga mosquitoes (see 
kesselt). 

MEDICAL IMPORTANCE. Aedes tongae tabu is the major vector of filaria- 
sis in the Tongatapu group, where during the present studies, it was found 
naturally infected with W. bancrofti, and for the first time with D. immitis. It 
has been experimentally infected with dengue-2 and is a suspect vector of 
dengue-1. 

Filariasis. Aedes tongae tabu was shown to be a vector of W. bancrofti by 
Ramalingam in 1963 (Ramalingam and Belkin 1964; Ramalingam 1968 and 
unpublished Ph.D. thesis, l.c.), based on natural infections in which 6.1% 

(16) of 264 wild caught females were positive for W. bancrofti and one (0.38%) 
was found positive for stage III larvae. Ramalingam also experimentally 
infected 12 laboratory reared females, 8 of which were positive for larvae, 
and of those, 6 had stage III larvae. In our studies, only 67 tongae tabu were 


“¥§mall - 22, 26, 28, 37, 38, 38 eges/female. 
**Large - 45, 72, 72, 74, 74, 127, 129 eggs/female. 
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dissected as a result of village surveys in Te'ekiu (26 from biting-landing sur- 
veys, 11 from house-resting surveys) and Popu Hill (30 biting-landing), how- 
ever, 2 females were found naturally infected with W. bancrofti (a female from 
Popu Hill with a stage I larva and another from a biting-landing survey in 
Te'ekiu with 9 stage I larvae; both females were 1-parous). We made 2 para- 
sitological surveys in Te'ekiu, 1972 (Desowitz and Hitchcock 1974) and 1973 
(Desowitz et al. 1976). The 1972 survey was the first village survey made in 
the Tongatapu group. The 1973 microfilaria rate for all 297 villagers was 
37.4% by the membrane filter concentration technique, and was estimated to 
be about 20% (19.9%) by the 60 cmm blood films. The rate for the 114 villagers 
in age groups 20 and older was 58. 8% and 22.8% for the 2 techniques. Although 
the rates were lower than Ha'aipai, and especially Niuatoputapu, they still 
showed a high endemicity which would indicate a relatively high transmission 
rate. Biting-landing collections were made in August and December 1974 with 
a total of 95, 10 minute human bait collections. Each collection was outside 

of a house, however, only 16.8% of the collections were positive for biting- 
landing mosquitoes, 15 for tongae tabu (5c, 279) including one house with a 
biting-landing oceanicus and a single aegypti at an additional premises. The 
overall biting-landing tongae tabu rate for this village was only 0.028/min. 

The December survey provided only one tongae tabu in 180 minutes of collecting. 
In biting activity above, it was noted that a spot check in Popu Hill could con- 
firm whether the mosquito density was much lower than usual, but there was 
little difference between the April 1973 collections and the August 1974 collec- 
tions. Surprisingly, the 0-4 age group in Te'ekiu showed a microfilaria rate 
of 56.4% (22/39) which would indicate no radical reduction in transmission in 
recent years (in general, the appearance of the village changed little since it 
was first surveyed in 1972). House-resting and larval surveys of the village 
were also made in August and December 1974 as well as April 1975. The 
larval and house-resting surveys confirmed the paucity of mosquitoes. The 
Breteau indices for total immature fongae tabu, aegypti and Cx. quinquefascia- 
tus were: August 41.3 (33 positive sites found on 80 premises), 28.8 (23/80), 
3.8 (3/80) and 10 (8/80); December 5.7 (2/35), no tongae tabu or aegypti were 
found during the survey of 35 premises and the 2 positive sites found were pro- 
ducing Cx. quinquefasciatus, providing a total of 8 larvae and 2 pupae; April 
46.4 (26/56), 30.4 (17/56), 0.0 (0/56) and 16.1 (9/56). The number of imma- 
ture tongae tabu collected were: August 887 (782 larvae, 105 pupae) from 23 
collections; December none; April 482 (422 larvae, 60 pupae). The 3 posi- 
tive collections for oceanicus provided 23 larvae and 2 pupae. House-resting 
surveys in Te'ekiu in August showed resting mosquitoes in 57. 4% of the 61 
houses surveyed, 10 of the positive houses harbored tongae tabu (28.6%), 

while oceanicus was found resting in 11 (31.4%), aegypti in 2 (5.7%) and Cx. 
quinque fasciatus in 22 (62.9%) of the houses. To explain the relative high 
endemicity of W. bancrofti, especially considering the high microfilaria rate 
observed in the 0-4 age group in the village, it appears that 2 vectors must 

be included within the village, tongae tabu and oceanicus. It appears that 
oceanicus may be the major vector in this village since the tongae tabu popula- 
tion densities appear to be too low to support, on their own, the hyperendemic 
situation observed, as well as the transmission rate necessary to produce 
microfilaremia in over 50% of the 0-4 age group. Bush transmission by tongae 
tabu could account for the high endemicity of W. bancrofti found in the village 
among older age groups, but would not provide the prevalence rate found in the 
very young. Consequently, oceanicus which was shown to be an efficient vector 
in the north (Hitchcock 1971), may be the major vector of W. bancrofti in 
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in Te'ekiu village on Tongatapu. However, for most villages and in the bush on 
Tongatapu, tongae tabu is probably still the major vector of W. bancrofti. 
Aedes tongae tabu was found naturally infected with a stage III larva of D. im- 
mitis ina 3-parous female found inside a house in Te'ekiu on 29 August 1974. It 
is the first record of D. immitis in tongae tabu. 

Dengue. An outbreak of dengue-2 virus occurred on Tongatapu in 1974. 
It was relatively mild with low viremia levels and few hemorrhagic mani- 
festations, however, in 1975 there was an explosive outbreak of dengue-1 which 
was relatively severe, providing numerous cases with hemorrhagic manifesta- 
tions (Gubler et al. 1978). We undertook a series of studies directly related to 
the dengue outbreaks, including the infecting of tongae tabu with dengue-2 virus 
from a patient with a subsequently serologically confirmed case of dengue-2. 
Additional experimental artificial feeding of tongae tabu with dengue-2 virus 
by Dr. Gubler in Hawaii, established salivary gland infections of the virus. 
House-resting and larval surveys were made in 2 entire villages, Lonoteme 
(house-resting April and June 1973, larval June 1973) and Te'ekiu (house- 
resting and larval surveys August, December 1974 and April 1975) and addi- 
tional collections of both types were made on premises of suspected dengue 
patients. The 6 villages surveyed included 256 houses of which 155 (60. 5%) 
were positive for indoor mosquitoes. In order of abundance they were: Cx. 
quinquefasciatus 102 (65.8% of those positive), tongae tabu 19 (12.3%), oceani- 
cus 19 (12. 3%); aegypti 18 (11. 6%) and vexans 12 (7.7%). The comparative rates 
for the 46 houses surveyed which had suspected dengue patients were different, i.e. 
43 positive (93.5%): Cx. quinquefasciatus 31 (72.1%), aegypti 26 (60.5%), 
vexans 17 (39.5%), tongae tabu 3 (7.0%) and oceanicus 2 (4.7%). The mean 
number of females by species per positive house in the village survey followed 
by dengue patients' houses were: Cx. quinquefasciatus 1.39 (216/155), 3.67 
(158/43); tongae tabu 0.14 (21), 0.14 (6); aegypti 0.21 (33), 1.9 (82); oceanicus 
0.14 (21), 0.047 (2) and vexans 0.09 (12), 0.53 (23). It can be seen that there 
was a 9-fold difference in the mean number of aegypti per infected house in the 
village surveys as compared to the dengue patients' houses, i.e. 0.21 to 1.90, 
while tongae tabu showed identical percentages of 0.14 per positive house. 
The average number of mosquitoes per positive house was: 20 (305/155) and 
6.3 (271/43), a 3.2-fold difference. Besides the great differences observed in 
both the rate and density of aegypti in houses with suspect dengue cases, and 
those from systematic village surveys, it also showed that houses of dengue 
patients generally had larger numbers of mosquitoes. Also, whereas in village 
larval surveys many premises have no immature habitats, virtually all the 
premises surveyed where suspected dengue patients lived, had immature mos- 
quito habitats. It is unfortunate that fongae tabu indoor samples are point 
prevalence counts and not comparable to house-resting mosquitoes such as 
Cx. quinquefasciatus and aegypti, but the indoor surveys do show the uniform, 
widespread nature of the scutellaris group in general and point out a greater 
activity indoors than hitherto suspected. 
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. (Stg.) kesseli, cooki, tongae tongae and tongae tabu - female abdomen. 
. Stig.) kesseli, upolensis, polynesiensis, cooki, tongae tongae and 


tongae tabu - hindfemur; futunae and horrescens - male thorax; 
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. (Stg.) polynesiensis - pupa and male terminalia. 
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. Stg.) polynesiensis and pseudoscutellaris - thorax, hindfemur and 


male claspette. 


. Stg.) pseudoscutellaris - pupa and male terminalia. 
. (Stg.)pseudoscutellaris - larva. 

. (Stg.) rotumae - pupa and male terminalia. 

. (Stg.) rotumae - larva. 

. (Stg.) upolensis - pupa and male terminalia. 

. (Stg.) upolensis - larva. 
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THE MYZOMYIA SERIES OF ANOPHELES (CELLIA) IN THAILAND, 
WITH EMPHASIS ON INTRA-INTERSPECIFIC VARIATIONS 
(DIPTERA: CULICIDAE)! 


by 


Bruce A. Harrison“ 


ABSTRACT 


This is a comprehensive revision of the Myzomyia Series of Anopheles 
(Cellia) in Thailand, with a discussion of the other species in the series from 
the Oriental faunal region. Over 36,000 specimens of 11 species were exam- 
ined and studied for morphological variations. Included are 23 plates of illus- 
trations of pupae, 4th-stage larvae, male genitalia, and adult female and num- 
erous drawings of the scutum, wing, proboscis and palpus, including variations, 
for the 6 species in Thailand. Major sections included are: zoogeographic 
considerations; methods; format; keys to the subgenera and series of the sub- 
genus Cellia in Thailand; the Myzomyia Series in the Ethiopian, Palearctic 
and Oriental faunal regions with keys, and a discussion of the 5 Oriental spe- 
cies not found in Thailand; the Myzomyia Series in Thailand with keys, histori- 
cal review, medical significance and descriptions of the species; hybridization 
experiments and appendices. Species descriptions include sections on: 
synonymy; diagnosis; descriptions of female, male, pupa, 4th-stage larva and 
egg; type-data; distribution; variations; taxonomic discussion and bionomics. 
Seven tables on adult variations and adult biting behavior are included in the 
text and 12 tables on pupal and 4th stage larval setal branching variations are 
included as appendices. 

The type-specimens or type-series for 17 nominal taxa were located and 
examined. The location of several types is corrected. The pupae of pampanai 
and varuna are described and illustrated for the first time. Morphologically 
deformed variants of aconitus and minimus adults are described. Anopheles 
culicifacies adenensis and jeyporiensis var. candidiensis are synonymized. 
The junior primary homonym listonii Liston, is necessarily considered a 
rejected name. Pyretophorus jeyporensis Theobald is considered a junior 
secondary homonym of Anopheles jeyporiensis James. The authorship of the 
species previously cited as bvahmachari Christophers by most writers is cor- 
rected to McKendrick and Christophers. The name aconita var. mevak (cohe- 


IThis work was supported in part by Research contracts No. DA-49-193-MD- 
2672 and DAMD-17-74-C-4086 from the U. S. Army Medical Research and 
Development Command, Office of the Surgeon General, Ft. Detrick, 
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sia) is considered an available name and shown to be a synonym of /flavi- 
vostrvis instead of minimus. Lectotypes are designated for adenensis, albiros- 
tris, christophersi, culicifacies, formosaensis I, jeyporensis and listoni. 

Hybridization experiments between aconitus and minimus show that they are 
well established species with considerable genetic incompatibility. 


INTRODUCTION 
Background 


The taxonomy and distributions of 10 of the 11 currently known species in 
the Oriental Myzomyia Series of Anopheles (Cellia) have usually been based on 
the interpretations of King (1932) and Christophers (1933). Only one species 
has been described since the treatments of the above authors. The 11 species 
in the series include: aconitus Donitz, culicifacies Giles, filipinae Manalang, 
flavirostris (Ludlow), fluviatilis James, jeyporiensis James, majidi Young 
and Majid, mangyanus (Banks), minimus Theobald, pampanai Biittiker and 
Beales and varuna Iyengar. All the species except culicifacies, jeyporiensis 
and majidi, form the Minimus Species Group, not to be confused with a true 
sibling species complex (sensu Mayr 1963). The 8 species in this group have 
evolved morphological differences in nearly all stages, which is evidence that 
this is a fairly old assemblage. However, highly variable adult features have 
previously been used as the primary means for identification and have caused 
considerable taxonomic controversy. This controversy might have been 
avoided if workers had followed Strickland (1924) and Manalang (1930), who 
advocated rearing adults with associated immature exuviae and defining the 
species by both immature and adult characters. 

Reid (1968) attempted to improve our knowledge of the Myzomyia Series, 
however, the scope of his work was limited because this series was poorly 
represented in his study area. Subsequently, Scanlon, Reid and Cheong (1968) 
and Reid (1970) recommended further taxonomic studies on members of this 
series. 

A logical place to conduct such studies was suggested by Reid (1968), who 
indicated that nearly all of the Oriental species in the series* might be found 
just north of Malaya, in Thailand (see Zoogeographic Considerations). In fact, 
by the late 1960's, 9 Species and 2 subspecies in the Myzomyia Series had 
been reported from Thailand in the literature, while another subspecies was 
recognized in unpublished reports. Two species, aconitus and minimus, were 
confirmed vectors of human malarial parasites in Thailand and several of the 
others were also suspected vectors of human pathogens, primarily because of 
their known vector capabilities in other countries. Adults were infrequently 
collected and identified in Thailand that corresponded to species normally en- 
countered in India or the Philippines, however, attempts to collect the imma- 
tures of these species were unsuccessful. Medical entomologists working in 
Thailand became increasingly concerned about difficulties encountered in 
identifying adults of this series (Scanlon, Peyton and Gould 1968, Scanlon, Reid 
and Cheong 1968). Characters used to differentiate adults were known to be 


*The category 'Series"' is used throughout this study, but is not intended to 
denote any official status as defined by the International Code of Zoologi- 
cal Nomenclature (IC ZN = Stoll et al. 1964). 
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variable, possibly even overlapping; however, the frequency and types of varia- 
tions occurring on Thai specimens had not been established. Some of the spe- 
cies recorded from Thailand were suspected to be misidentifications (Peyton 
and Scanlon 1966, Scanlon, Peyton and Gould 1968), but a major revisionary 
work was deemed necessary to determine the species in the Myzomyia Series 
actually occurring in Thailand. 

The present study was initiated in 1967 with hopes of resolving the above 
confusion. The initial 33 months of field work was conducted in Southeast 
Asia, primarily Thailand, under the aegis of the Walter Reed Army Institute 
of Research (WRAIR), Washington, D. C. and the U. S. Army Medical 
Component-Southeast Asia Treaty Organization (SEATO), Bangkok, Thailand. 
Several years of laboratory studies were conducted with support from: WRAIR, 
Washington, D. C.; the Southeast Asia Mosquito Project (SEAMP) and the 
Medical Entomology Project (MEP), Smithsonian Institution, Washington, 

D. C.; and the Department of Entomology, North Carolina State University, 
Raleigh, North Carolina. 

Initial plans called for a taxonomic revision of the entire Oriental 
Myzomyia Series. However, after several years it became apparent that 
adequate numbers of reared feral specimens from 2 critical areas, India and 
Indonesia, would not be available for study. Accordingly, the study was 
restricted to Thailand, although some results are of much broader scope. 

The primary objectives of the present study were to: (1) determine those 
species occurring in Thailand; (2) establish the range of morphological varia- 
tions for each species in Thailand and find reliable characters for use in Keys; 
(3) describe completely the 4th larval, pupal and adult stages; (4) determine the 
distributions of those species in Thailand; and (5) colonize the available species 
and attempt crosses between them to determine if hybridization in nature 
could be responsible for highly variable (even overlapping) adult characters. 

A secondary objective was to gain additional information on the behavior and 
biology of those species in Thailand. 


Zoogeogvaphic Considerations 


Harrison and Scanlon (1975) briefly discussed the zoogeography of Thailand. 
Since then, provincial changes have occurred in Thailand and additional publi- 
cations have appeared, making further discussion necessary. 

The country is now divided into 72 Changwats (= provinces) (Fig. 1). 
Recently, Chiang Rai Province was divided into Chiang Rai and Phayao pro- 
vinces and Ubol Ratchathani Province was divided creating Ubol Ratchathani 
and Yasothorn provinces. In addition, Thon Buri and Phra Nakhon provinces 
were combined into Krungthep Maha Nakhon Province. The list of Province 
names employed (Fig. 1), as in Harrison and Scanlon (1975), conforms to the 
Official Standard Names Gazeteer No. 97 of the U. S. Board of Geographic 
Names, Washington, D. C. 

Thailand is approximately 514, 000 km? in size and occupies a unique 
zoogeographic position in Southeast Asia. Beside having its own endemic fauna, 
Thailand serves as a crossroads for floral and faunal dispersal from at least 
3 different subregions of the Orient [Indian, Chinese and Sundaic (= Malaysia- 
Indonesia)|. Because of this location, its extension from 6° to 21° N latitude, 
its distribution of mountains (Pendleton and Kingsbury 1962, Harrison and 
Scanlon 1975) and several regional weather patterns (see below), Thailand has 
a wide variety of habitats with a tremendous variety of plant and animal life. 
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Accordingly, Thailand has about 13% (400/3, 000) of the world's described 
mosquito species, of which approximately 58 are Anopheles. This abundance 
of species means that a given nocturnal adult collection will often include 8-12 
species, and under special conditions may include up to 20 species of anophe- 
lines. 

Although there are 2 basic monsoon seasons in most of Southeast Asia 
(Bingham 1968, MacKinnon and MacKinnon 1974), 3 seasons as defined by 
Ayurakit-Kosol and Griffith (1962) more accurately depict the climate in the 
northern half of Thailand. The monthly parameters for these Seasons are 
variable from year to year causing the different dates seen in the literature. 
Generally these seasons are: (1) cool-dry season (late November to early 
February); (2) hot-dry season (late February to late May); and (3) rainy sea- 
son (June to early November). The rainy season has been further divided into 
2 parts by Pendleton and Kingsbury (1962). These last authors offer the most 
comprehensive discussion of climatic factors in Thailand. 

Descriptions of the forest cover of Thailand by Pendleton and Kingsbury 
(1962) and by MacKinnon and MacKinnon (1974) are outdated. Current esti- 
mates are that nearly all of Thailand's forests will be cut or destroyed in the 
next 15-20 years. Such drastic changes will alter the distribution and popula- 
tion densities of animals, including mosquitoes. 

Thailand is usually divided into 6 regions based on orography, precipita- 
tion and floral patterns (Kloss 1915): North, Northeast (Korat Plateau), 
Central Valley, Western Mountains, Southeast, and South (Peninsular). 
Pendleton and Kingsbury (1962) listed only 5 major regions, combining the 
North and Western Mountains into a ''Continental Highlands'' region. Bunnag 
(1977) advocated 6 biogeographic regions, but combined the Western Mountains 
with Central Valley and split the South (Peninsular region) into South and Far 
South. Most recently, Lekagul and McNeely (1977) have de-emphasized 
(although still recognizing the 6 regions listed initially above) the regionaliza- 
tion of Thailand and have emphasized the role of orography and rainfall pat- 
terns in determining the basal floral patterns, which in turn serve as the pri- 
mary key to faunal (mammal) distributions in Thailand. These last authors 
also discuss the geological history of the Sunda Shelf (including Thailand), the 
classification of the forest types and the current disruption and destruction of 
the forests in Thailand. 

Most Thai anophelines can be categorized on the basis of forest type, which 
lends support for possibly 5 or 6 biogeographic regions in the country: (1) 
North and Western Mountains; (2) Central Valley; (3) Korat Plateau; (4) South 
(Peninsula from Isthmus of Kra south to Malaysia); and (5) Southeast (primarily 
Chanthaburi and Trat provinces). The northern region and the western moun- 
tains (hill and dry evergreen forest areas) down to at least Kanchanaburi Pro- 
vince, contain anopheline species which are usually considered Indian elements. 
The South apparently represents a gradient area in which a number of typical 
Malayan anophelines extend into Thailand. Several of these anophelines have 
their northernmost extension in the most southern Thai provinces (possibly 
dependent on evergreen rainforest found primarily in the far South), while 
several Anopheles (Anopheles) species extend up the west side of the peninsula, 
probably into southern Burma (Harrison and Scanlon 1975). Conversely, sev- 
eral Anopheles (Cellia) species, including minimus, extend southward to ap- 
proximately the Thai-Malaysia border (Reid 1968). The Southeast contains 
evergreen rainforest, semi-evergreen and dry evergreen forests like the for- 
ests on the peninsula. The Southeast also contains several typical Malayan 
anophelines (Harrison and Scanlon 1975), which suggests these evergreen for- 
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ests were probably connected during the Pleistocene. The Korat Plateau and 
Central Valley regions have nearly identical anopheline faunas; however, at 
least one species, pampanai, found on the Korat Plateau is apparently very 
rare or absent in the Central Valley. 

The Thai members of the Myzomyia Series fit into these biogeographic 
regions as follow: (1) aconitus occurs in all the regions; (2) culicifacies 
occurs only in the North and the Western Mountains; (3) jeyporiensis has 
essentially the same distribution as culicifacies; (4) minimus probably still 
occurs in foothill-mountainous areas of all the regions, but with the altera- 
tion of this environment (pesticides, deforestation, silting, pollution) it is 
absent or very sparsely distributed in sections of the Central Valley, Korat 
Plateau and the South; (5) pampanai is currently known only from the North, 
Korat Plateau and one collection from the Southeast adjacent to the Cambodian 
border and (6) varuna has been confirmed from only 2 sites in the North. 


Methods 


The methods employed during this study were different from those used in 
most taxonomic studies based primarily on morphology. From the beginning, 
the variability of species in this series was recognized, but parameters of 
those variations were unknown. With a more classical or numerical taxonomic 
study, museum specimens of adults with or without associated immature skins, 
larval specimens and possibly adults reared from colony specimens, would 
have been analyzed for intra-interspecific variations. In this study, parame- 
ters of intraspecific variation were determined primarily on the basis of 
studying adult progeny (with associated immature skins) from feral females. 
With the wild mother pinned and her characters analyzed, the stability or 
variability of characters within the brood were easily assessed by comparing 
the progeny, and the progeny with the mother. After sufficient broods of pro- 
geny had been analyzed for frequencies of certain variations, these frequen- 
cies were then compared with frequencies of the same variations occurring 
on feral adults or adults (with immature skins) reared from wild larvae. In 
the absence of reared progeny broods of the Myzomyia Series in museums or 
other repositories, it was necessary for the investigator to make extensive 
collections of this series in Thailand and other parts of Southeast Asia. Fol- 
lowing an analysis of intraspecific variations, interspecific variations with or 
without overlap were analyzed and then, depending on the ability to colonize or 
maintain adequate adults by the forced mating technique (Ow Yang et al. 1963), 
hybridization studies were attempted. Due to the low density and limited dis- 
tribution of several species and the long time involved in rearing progeny 
broods to adults, the study of progeny and subsequent hybridization experi- 
ments were possible only with aconitus and minimus. 

Collections were designed to capture the greatest number of feral adults or 
immatures of Myzomyia species. Consequently, less productive methods 
(e.g. man-biting inside houses for minimus) were discontinued and unproduc- 
tive collection sites were avoided. All specimens were identified initially by 
published keys (Christophers 1933, Peyton and Scanlon 1966, Reid 1968, 
Rattanarithikul and Harrison 1973) with the aid of a microscope. Adult fe- 
males were examined for external morphological color and meristic varia- 
tions, particularly on the proboscis, palpi, thorax, wings and legs. Charac- 
ters that had been judged most reliable in published keys and descriptions were 
considered ''classical, '' while characters not fitting the keys or the classical 


6 Contrib. Amer. Ent. Inst., vol. 17, no. 4, 1980 


descriptions were called ''variations. "' 

All specimens were assigned a collection number and immatures were 
individually isolated and reared to adult with the 4th larval and pupal exuviae 
preserved and mounted on a slide. Adult feral females were usually offered 
a blood meal and placed in isolation in oviposition vials containing a small 
amount of water. After oviposition each female was pinned and assigned an 
identification number. Only Fj progeny from feral females were examined for 
intra-interspecific variations, progeny were not obtained from females reared 
from field-collected immatures. Progeny from a given female were isolated 
upon becoming 4th instar and reared to adults, with the 4th-stage larval and 
pupal exuviae preserved and mounted ona slide. Each adult (and its imma- 
ture skins) from a progeny brood had an individual coded identification num- 
ber which could be associated by prefacing numbers with the other siblings in 
the brood, its mother and the general collection in which the mother was cap- 
tured. | 

The distributions for the 6 species occurring in Thailand are based pri- 
marily on adults confirmed by associated immature skins. Species witha 
large number of specimens are recorded by provinces (= Changwats) while 
more precise locality records are listed for rare species. Distribution list- 
ings outside of Thailand are based on specimens examined and published 
records. Certain published distribution records are questioned or considered 
misidentifications. 

All feral females displaying variations were isolated for oviposition while 
those conforming to the classic description of the respective species were not 
always isolated. The biased selection of females with variations was designed 
to accrue the widest range in variations in progeny. In actuality, progeny 
from "'classical'' mothers proved to be as variable as those from "'variable"’ 
mothers. 

In Thailand, a laboratory in Phra Phutthabat, Sara Buri Province, about 
130 km north of Bangkok, was used as the center for most of the collections 
and rearings. The rearing of progeny broods was greatly expedited by having 
a permanent base-laboratory. The lengthy time and space required to indivi- 
dually rear isolated broods essentially eliminated this technique from field 
trips of less than 30-35 days. Although 507 collections were made in Thai- 
land during an 800-day period, from 7° 30'' N to 19° 20" N latitude and 98° 20" 
E to 103° 20" E longitude, 75.3% (382/507) were made within a 150 km radius 
from Phra Phutthabat. Over 97 locations were visited for collections, how- 
ever, 9 sites in the 150 km radius of the base laboratory furnished most of the 
specimens. Of the 507 total collections, 396 were adult collections (mostly 
human-or bovine-biting outside, resting or CO9) and 111 were immature 
collections. 

Two collecting trips were made outside of Thailand. The first trip, to 
Luzon and Mindoro islands in the Philippines, was designed to collect and rear 
adults (with associated immature skins) of the 3 species of the series that 
occur in the Philippines (filipinae, flavirostris and mangyanus). At the time 
of this trip, 2 of these 3 species had been identified (adults only) in Thailand, 
and confirmed specimens with immature skins from the Philippines were 
needed to verify their existence in Thailand. The Philippine trip yielded 52 
larval and 11 adult collections, 1,304 adults of the 3 species (1, 042 with asso- 
ciated immature skins) and hundreds of whole larvae. 

The 2nd trip was to the New Territories, Hong Kong, and was designed to 
collect reared adults with immature skins of jeyporiensis and topotypic speci- 
mens of minimus. The holotype of minimus has been lost for many years and 
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specimens from the vicinity of the original description were needed for com- 

parison with those from Thailand. The Hong Kong trip produced 37 larval and 
8 adult collections, 943 adults of the 2 species (852 with associated immature 
skins) and over 600 whole larvae. 

A most important aspect of this study was the examination of type-species 
and type-series. Of the 30 nominal taxa involved in the taxonomy of the Ori- 
ental Myzomyia Series, one was a nomen novum (without types) and 10 were 
confirmed to have either no type-specimens or the specimens are currently 
lost. I located and examined the type-specimens or type-series for 17 of the 
remaining 19 nominal taxa. These examinations were conducted during visits 
to the British Museum (Natural History) (BMNH), London, the Pasteur Insti- 
tute, Paris (PIP) and the National Museum of Natural History (USNM), Wash- 
ington. Of the existing type-specimens, only those for aconitus and brahma- 
chavi McKendrick and Christophers were not examined. 

The usage of ''series"' in this work follows that of previous workers and is 
not considered a primary subdivision of a genus (Stoll et al. 1964, article 42d), 
but an infrasubgeneric category. An historical review of this usage and some 
associated problems are presented in the ''Taxonomic Discussion" under the 
Subgenus Cellia. 

An extensive review of the literature was made during this study, however, 
a comprehensive review was impossible considering all of the periodicals 
throughout Asia that have referred to various members of the series as vectors 
of diseases. Every effort was made to cite all references important for an 
understanding of the biosystematics of the Oriental members of this series. 
Abbreviations for references conform to "Serial sources for the BIOSIS data 
base, '’ Vol. 1978, Bio-Sciences Information Service, Philadelphia, Pennsyl- 
vania. 

The morphological terminology used here is that used by Harrison and 
Scanlon (1975), with some modification. 

In the present study scale lines intentionally were not added to certain 
drawings, so that size (highly variable) would not be considered important. 

The numbered wing spot terminology code of Harrison and Scanlon (1975) 
has been replaced in the present work by abbreviations of the spot names (e.¢., 
Reid 1968). 

The Oriental members of the Myzomyia Series all possess sparsely scat- 
tered pale scutal scales that are usually small and difficult to see (except those 
on jeyporiensis and majidi). Aside from these last 2 species, when these 
scales are viewed under the dissection microscope, they usually appear like 
small pale setae. At higher magnification under a compound microscope they 
appear as a variety of scales, mostly falcate, fusiform, piliform and inter- 
mediate types (Harbach and Knight 1978b). Due to the intra-interspecific 
variations of these scale types, their more or less random distribution, and 
based on their usual appearance, I have decided to call them "'seta-like" 
scales to avoid confusion. 

Chaetotaxy tables (Appendix) for pupal and larval setal branching have been 
added to provide an understanding of the innate variation that exists in the 
series. The counts entered in the tables came from field-collected 4th-stage 
larvae, or pupae reared from field-collected 4th-stage larvae. Counts were 
not made from colony specimens or progeny immatures from feral females, 
due to possible branching changes that might be induced by colony inbreeding, 
or by the laboratory environment and/or techniques. 

The wing, leg, pleuron, scutum, palpus and proboscis illustrations on 
Figs. 2-6 (except the wing veins and hypothetical wing) were drawn from single 
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specimens. The remaining illustrations (Figs. 7 -24) are composite drawings 
based on more than one specimen. 

The cibarial armature of species in the Oriental Myzomyia Series is fairly 
uniform. Myzomyia members typically have 2 rows of cibarial teeth, one of 
cones the other of rods. The cones lack roots and have a single row of short 
spines on the crest of the pediment. Christophers (1933) presents a descrip- 
tion of this structure in all of the Oriental Myzomyia species except filipinae, 
flavirostris, mangyanus and pampanai. Gater (1935) and Reid (1968) present 
excellent reviews of the morphology of this structure. Only very minor dif- 
ferences in the cibarium were detected between Myzomyia species (Christo- 
phers 1933), and these characters can be analyzed only after dissection, 
mounting and careful study. Accordingly, I decided a careful analysis of the 
cibarial characters during this study was not justified. 

The male genitalia characters of species in the subgenus Cellia are rarely 
of specific value, and this holds true for species in the Oriental Myzomyia 
Series. Genitalia preparations were examined, but specific characters were 
not found, although a difference was detected between the proctigers of @cont- 
tus and minimus. However, genitalia are so uniform in Cellia that characters 
to separate the various series or species groups are still unknown. Adult 
males of the Oriental Myzomyia Series are best identified on the basis of asso- 
ciated immature skins. 

Primary emphasis was placed on the study of pupae. The position in life 
of this stage next to the adult, and its brevity, make it extremely valuable for 
confirming adult identities. In recent years, Reid (1950a, 1953, 1962, 1965, 
1968), Belkin (1962), Harrison and Scanlon (1975) and Floore et al. (1976) 
have demonstrated the taxonomic value of Anopheles pupae. In comparison with 
larvae, the pupal stage possesses fewer setae that are easier to locate, its 
skin is sturdier, and it is easier to rear, preserve and mount. Except by 
Baisas (1936) and Reid (1968), pupae of the Oriental Myzomyia Series have not 
been considered taxonomically important and were usually ignored in taxono- 
mic publications. Baisas (1936) was unable to find characters to separate the 
3 Philippine species, filipinae, flavirostris and mangyanus, and Reid's (1968) 
characters for separating Malaysian a@conitus and minimus are not always 
valid for Thai specimens. During this study, excellent characters were found 
for separating the pupae of the 6 species in Thailand, and characters were 
found for separating the pupae of 10 of 11 species in the Orient. Only fluvi- 
atilis and minimus pupae remain inseparable, primarily due tothe lack of 
fluviatilis specimens for study. Most pupae of the Philippine species, filipinae, 
flavirostris and mangyanus, can be separated, but some overlap occurs and 
additional characters are needed. 

Reid (1968) discussed ''minute short spicules" on the inner wall of the 
trumpet meatus. These appear as "'stellate spicules"' on the 6 Myzomyia 
species in Thailand (Fig. 14). 

The pupa setal and morphological designations herein conform to those 
used in Harrison and Scanlon (1975) except: (1) ''CT"' is used to signify the 
cephalothorax instead of ''C"'; (2) '"MP" is used to signify the metanotal plate 
instead of ''C"’; (3) ''mesal angle'’ (Fig. 14) is that point on the paddle mesal 
margin that first touches the vertical axis of a hypothetical or actual right 
angle at the same time the paddle apex is touching the horizontal axis. A left 
facing 90° angle is used with the left paddle and a right facing 90° angle with 
the right paddle. The vertical axis of the right angle must be parallel to a 
straight line drawn between the 2 most distant points on the paddle (base and 
apex, not including fringe and setae). 
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Larval characters have been known and used for years to separate the 
Oriental species in the Myzomyia Series. Most of the known larval charac- 
ters have been considered fairly stable. Primary efforts during this study 
were to determine the amount of variation occurring in Known larval charac- 
ters and to find new characters for separating larvae of these species. Most 
larval characters were found to be variable, however, combinations of char- 
acters were found which would identify essentially 100% of the larvae from 
Thailand. 

- The larva setal and morphological designations used here conform to those 
in Harrison and Scanlon (1975) except: (1) 20-C is used to designate the 
hypostomal sclerite seta previously designated 6-MP (Knight and Harbach 
1977); (2) the posterior lateral sclerotized lobes of the spiracular apparatus, 
where 8 and 9-S are inserted, are considered the "'posterolateral spiracular 
lobes"' and the median sclerotized plate previously labeled "'ventrolateral 
valve" by Harrison and Scanlon (1975) is called 'median plate" after Harbach 
and Knight (1978a); and (3) the length of seta I-X is used in a ratio by dividing 
it by the length of the saddle along its dorsum (midline). The term ''simple"' 
seta is used sensu Harbach and Knight (1978b). 

No attempt was made to analyze egg characters, however, eggs were 
retained for later study. Egg characters have been described for some, but 
not for all 11 species. The eggs of several species are already known to 
exhibit considerable variations, and in view of the influence of environmental 
and genetic factors on egg variation (White 1977), the eggs of the other species 
are probably variable. Thus, very little reliance should be accorded the eggs 
(as presently known) of Myzomyia species for species identification. 


Format 


The format for this work basically follows that presented in Harrison and 
Scanlon (1975). However, changes and additions are summarized below. A 
historical review section has been included to summarize all of the publications 
that apply to the series in Thailand. Instead of discussing medical importance 
under each species, a separate section entitled ''Medical Significance’ covers 
the 6 Thailand species. The medical significance of the other 5 Oriental 
species is briefly presented under each species in the Taxonomic Discussion 
for the Myzomyia Series. Illustrations (Figs. 2,3, 6) have been included to 
show a number of common adult variations, and chaetotaxy tables have been 
added to give pupal and larval setal branching variations. 

Under the individual species treatments the synonymy includes all of the 
known nominal taxa. In addition, a number of taxonomic changes involving the 
status of the nominal taxa have been included in the synonymy and type-data 
sections. These changes supersede the taxonomic interpretations listed in the 
catalog of the mosquitoes of the world (Knight and Stone 1977) and its supple- 
ment (Knight 1978a). The synonymy sections were also expanded to include 
not only important taxonomic entries, but also the first publications to des- 
cribe and/or illustrate the respective life stages, and important biological 
and medically important references. Within the parentheses following each 
synonymy citation, the symbols ©, ?, P, L and E indicate that the publication 
deals with at least some part of the male, female, pupa, larva or egg respec- 
tively; a single asterisk (*) following the symbol indicates that at least some 
portion of the stage was illustrated. 

A section on variations has been included under each species. This section 


10 Contrib. “Amer. Ent. Inst), vol. 17; no. 4, 1980 


covers adult, pupal and larval variations that are of intra-interspecific 
importance. For some species, data are presented (tabular), on frequencies 
of selected variable characters. In these tables (1, 3,4,5,7), the 1st column 
shows the frequency (/) of that character and the 2nd cites the number (No.) of 
specimens with that character inthe sample. Specimens exhibiting morpholo- 
gical abnormalities (genetic or non-genetic) are also listed with references to 
similar or identical abnormalities found in other species. 

In the taxonomic discussion sections, primary diagnostic characters are 
listed and compared with the same characters on the other species. Secon- 
dary characters are discussed and listed that may be of value in identifying 
unusual or difficult specimens. 

The bionomics sections cover the major aspects of adult and larval behavi- 
or as currently understood, and offer numerous important references. Other 
subjects covered in this section are: (1) information on the susceptibility of 
the species to pesticides; (2) a list of currently known parasites and pathogens 
for the species; and (3) special topics of importance for the understanding of 
the species and its role in the epidemiology of disease transmission. 

A section on hybridization experiments (p. 119) covers the techniques and 
results from 122 crosses between aconitus and minimus. 


TAXONOMY 


A good taxonomic base is most important for work on research conducted 
on a group of insects, particularly a medically important group such as the 
Myzomyia Series of Anopheles (Cellia) in Thailand. Once a good base has been 
established, however, the search for new and better characters must continue, 
otherwise the base will not retain the quality necessary to support ever- 
changing research goals and techniques. Because good adult and larval taxo- 
nomic characters were found in India and the Philippines for most of this 
series during the 1930's, further taxonomic efforts on these species nearly 
stopped. However, those studies were not based on Thai specimens, and did 
not fully recognize the importance of population genetics in taxonomy. During 
recent years the need for additional morphological characters to distinguish 
species in Thailand became very obvious. The following taxonomic efforts 
stem from that need. 


KEYS TO THE SUBGENERA OF ANOPHELES IN THAILAND 
ADULTS 


Costa divided by pale spots into 4 or more dark marks involving both veins 
C and R-Rj; male basimere with cluster of 4-6 parabasal spines, no 
Weteh Oe, oe ee ek ee es eee ee ee ee eee Cellia 
Costa entirely dark-scaled, or divided by pale spots into not more than 3 dark 
marks involving both veins C and R-Rj1; male basimere with 3 spines (2 
parabasal and 1 internal), the innermost parabasal shorter and stouter than 
Hie Gute oa oe ek a ee eee ee be eee ee Anopheles 


PUPAE 


Seta 1-P long, strongly curved or coiled, usually hooked at tip (except 
Neomyzomyia Series with: stout spiny teeth on basal 0. 50-0. 80 of lateral 
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paddle margin; paddle fringe filaments short; fringe filaments sparse, not 

well developed on mesal paddle margin); male pupae with rounded point or 

kno’ On Ape OL each Genital lode. ii i a a ee Cellia 
Seta 1-P short, straight and simple or branched (except lindesayi Giles, 

palmatus (Rodenwaldt) and sintonoides Ho, with: spiny teeth absent or 

limited to small area on basal 0.33 of lateral paddle margin; paddle 

fringe filaments very long; fringe filaments dense and very well 

developed on mesal paddle margin, nearly extending to base); male 

pupae with apices of genital lobes blunt. ............ Anopheles 


LARVAE 


Seta 1-A simple; setae 2-C inserted at least as far apart as the distance 
between 2-C and 8-C on One Side. jg oe aS ek a Cellia 

Seta 1-A branched (except on several species with setae 5-7-C reduced); 
setae 2-C inserted close together, closer (rarely equal) than the distance 
between 2-C and 3+C on one SIG. 6 vos Se ee Anopheles 


Subgenus Cellia Theobald 


Cellia Theobald 1902a: 181-3. Orthotype: Anopheles pharoensis Theobald 
(for detailed synonymy see Knight and Stone 1977). 


In addition to the above key characters, the following may assist in the 
correct subgeneric placement of Thailand species. 

ADULT. Wing with colors in defined spots, not randomly mixed pale and 
dark scales; R, M forks and crossvein intercepts pale-scaled. 

FEMALE. Cibarium with teeth, often separated into rods and cones. 

PUPA. With angusticorn type trumpets; seta 1 on abdominal segments 
V-VII as strongly developed as seta 5. 

LARVA. Antennal seta simple, usually inserted on outer aspect of anten- 
nal shaft; metathorax with at least one long branched pleural thoracic seta (9 
or 10-T) (except Neomyzomyia Series). 

DISTRIBUTION. Species in the subgenus Cellia are currently confined to 
the Eastern Hemisphere, with representatives in the Australian, Ethiopian, 
Oriental, Palearctic and South Pacific faunal regions. During the 1930's one 
member of this subgenus inthe Gambiae species complex [probably spe- 
cies ''B'' = arabiensis Patton (White 1974, 1975)] became temporarily estab- 
lished in Brazil. It was eradicated from the Western Hemisphere only after 
considerable monetary and human expenditure (Soper and Wilson 1943). 

Cellia is the largest subgenus in the genus Anopheles, containing approxi- 
mately 173 species (White 1977). The anopheline fauna of the Ethiopian region 
is predominately Cellia, i.e., 112 of 122 recorded species (White 1975). In 
the other Eastern Hemisphere zoogeographical regions, Cellia is less promin- 
ent and the subgenus Anopheles is often the numerically superior category, 
e.g., 33 species of subgenus Anopheles and 25 Cellia in Thailand. 

TAXONOMIC DISCUSSION. A number of authors, e.g., Christophers 
(1924a), Sinton and Covell (1927), Puri (1931) and Edwards (1932), have pro- 
posed and/or discussed systems for indicating affinities in the subgenera 
Anopheles and Cellia. Edwards (1932) used the terms "group" and ''series" 
in descending order for additional categories between subgenus and species in 
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the subgenus Anopheles, and "'group" for such categories in Cellia. These 
categories are very useful tools for taxonomists, and thus were accepted in 
monographs by Christophers (1933), Evans (1938), de Meillon (1947), Bonne- 
Wepster and Swellengrebel (1953) and Belkin (1962). In 1961, Reid and Knight 
revised the infrasubgeneric categories of the subgenus Anopheles, modifying 
the original ''groups"' of Edwards (1932) and substituting the term "section" 
for "group" to eliminate possible confusion with ''species group.'' The origin- 
al subgenus Anopheles ''series" of Edwards remained the same except that 
Arribalzagia and Christya were reduced from group to series level. Indepen- 
dently, Reid (1968) and Gillies and de Meillon (1968), changed the Edwards 
term "group" in Cellia to "'series.'' However, Gillies and de Meillon went a 
step further and introduced a category called "section" below the series level, 
apparently unaware that Reid and Knight (1961) had used this term for a cate- 
gory above the series level. Fortunately, this disparity with "'section" has not 
altered the basic series (= group) scheme used by Edwards (1932). Based on 
this scheme there are currently 6 series recognized in the subgenus Cellia: 
Cellia, Myzomyia, Neocellia, Neomyzomyia, Paramyzomyia and Pyretophorus. 
On the basis of cibarial armature, larval pleural thoracic setae, adult chaeto- 
taxy and adult color pattern, Neomyzomyia would appear to represent a more 
generalized ancestral assemblage, with Myzomyia intermediate and Pryeto- 
phorus and Neocellia the most derived series. 


KEYS TO THE SERIES OF THE SUBGENUS CELLIA IN THAILAND 
ADULTS 


1. Propleuron without setae; hindtarsomere 5 entirely pale-scaled (except 
stephensi Liston, which is rare and confined to extreme northern 
Thailand) a ek Neocellia 

Propleuron with 1-4 setae; hindtarsomere 5 at least partially dark- 
BOQ ee a ee a es a 2 


2(1). Palpus with 4 or more pale bands; anterior pronotum with scales. 
Neomyzomyia 
Palpus with 3 pale bands; anterior pronotum without scales. ..... 3 


3(2). Legs entirely dark-scaled or with narrow apical bands or dorsal patches 
on some tarsomeres; male and female abdominal segments VII, VIII 
and female cerci without scales, male basimere with scales. 
Myzomyia (p. 24) 

Legs with basal and apical pale bands on some foretarsomeres; 
abdominal segments VII, VIII, female cerci and male basimere with 
BU (O06 (GW BCMIGR a a 8 a Pyretophorus 


PUPAE 


5 Seta 1-P short and straight or slightly curved, not hooked at tip; 9-V-VII 
usually less than 0.35 length of their respective segments. 
Neomyzomyia 
Seta 1-P long, curved, sinuate or kinked and hooked at tip; 9-V-VII 
usually 0.35 or more length of their respective segments. .... 2 


Harrison: Myzomyia Series of Anopheles in Thailand 13 


2(1). Seta 9-I simple, rarely branched, long, usually 2.0 or more length of 


SOCMION 5 6s CC ee Pyretophorus 
Seta 9-I simple or branched, shorter to slightly longer than 
SOPMGN, 6 ee a 3 


3(2). Seta 9-IV usually 0.67 or more length of 9-V, with same tapering sharp 
pointed shape as 9-V; 1-II with 8 or more branches. 
Myzomyia* (p. 24) 
Seta 9-IV 0.15-0.67 length of 9-V, appearance usually different from 
9-V, broader with less acute rounded apex; 1-II with 2-10 branches, 
Usually less than 6. ee ee ee Neocellia* 


LARVAE 


ue Long thoracic pleural setae, 9, 10 and 12 on prothorax and 9 and 10 on 
meso- and metathorax Simple. ... 2.4... 3k wos Neomyzomyia 
Metathorax with at least seta 9 branched and one or more of long pleural 
setae may be branched on the pro- and mesothorax........ 


2(1). Metathorax with only one pleural seta (9) branched; abdominal segments 
IV-VII with anterior tergal plates very large and enclosing posterior 
tergal plates, or smaller with separate posterior tergal plate and pair 
of small submedian posterior plates. ...... Myzomyia (p. 24) 

Metathorax with both long pleural setae (9, 10) branched; abdominal 
segments IV-VII with small to moderate sized anterior tergal plates; 
posterior tergal plates if present, always separate from anterior ter- 
gal plates, without pair of submedian posterior plates....... 3 


3(2). Prothorax with one long branched pleural seta (9), and one short 
branched pleural seta (11) (except stephensi); mesothorax with one 
long branched pleural seta (9); setae 2,3-C with minute barbs or 
distinct lateral branches (except sfephensi); setae 1, 2-P with well 
SCIGVOUIZEN DOGS, oe Be ae Neocellia 

Pro- and mesothorax with long simple pleural setae or with one pleural 
seta on each segment with 2,3 distal branches; setae 2,3-C simple; 
setae 1,2-P with very weakly sclerotized bases. . .. Pyretophorus 


Myzomyia Series 


Christophers 1924a: 44 (as group Myzomyia); Gillies and de Meillon 1968: 2 
(as Series Myzomyia); Reid 1968: 53 (as Myzomyia series). 


Ethiopian and Palearctic Faunal Regions 
Approximately 50 Ethiopian species are recognized in this series (Gillies 
and de Meillon 1968) and 2 Palearctic species, dthali Patton and sergentii 


*jieyporiensis, a member of Myzomyia, will key out with Neocellia in this 
couplet, but is easily separated from pupae of Thai Neocellia in having 
a dark, short fringe on the distomesal half of the paddle from the tip to 
the mesal angle. 
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(Theobald), extend eastward across northern Africa to Pakistan. An addition- 
al 11 species are recognized here from the Oriental region. Since the majority 
of species are found only in the Ethiopian region and outside the scope of this 
paper, the series will not be defined on a world-wide basis. 

Gillies and de Meillon (1968) divided the Ethiopian species of this series 
into one unassigned and 4 poorly defined sections: Funestus, Marshallii- 
Hancocki, Wellcomeiand Demeilloni. Although some generalized characters 
were presented for these, no keys to the above sections were offered. The 
Funestus Section is by far the most important section in the Ethiopian segment 
of the Myzomyia Series. This section contains funestus Giles, which is a very 
important vector of human malaria, filarial and arboviral pathogens in Africa. 
Furthermore, the Funestus Species Complex is most closely related to the 
Oriental Minimus Group. These 2 species assemblages are so closely related 
that they are probably considered distinct only because of their geographical 
separation and the fact that no one has studied them jointly. There is, how- 
ever, an unconfirmed record (Colbourne and Smith 1964) of one member of the 
Minimus Group, fluviatilis, from the Hadramawt region of Yemen (Aden), 
which places it very near the edge of the known distributions in Ethiopia, of 
funestus, leesoni Evans and vivulorum Leeson, members of the Funestus Com- 
plex. This record needs confirmation based on associated immature skins, 
because adults in the Funestus Complex and Minimus Group are not always 
separable. More recently, Maffi (1971) reported on 6 larvae of fluviatilis col- 
lected between Ta'izz and Mocha, Yemen, not far from the Red Sea coast. 
This identification is considered tentative by Maffi, until further specimens 
can be collected and adults reared with associated immature skins. I have 
examined the specimens upon which Knight (1953) recorded fluviatilis from 
Yemen, and they are not fluviatilis. Mattingly and Knight (1956) suggested 
these specimens might be demeilloni Evans. 


Oriental Faunal Region 

When used in conjunction with the above key characters, the following 
additional characters may be useful in identifying the Oriental species in this 
series. 

ADULT (General). Palpus with pale bands, without spots; forefemur slen- 
der or only slightly swollen; abdominal segments covered with setae, without 
scales (except male basimere) or scale tufts. Male. Palpal joint 2,3 bare or 
with dark scales, without pale band. 

PUPA. Trumpet with short meatus; paddle lateral margin with smail ser- 
rations, spines or filaments, without large spine-like spicules. 

LARVA. Seta 3-C either simple or with short lateral barbs or oranches, 
without large bushy apex; 8-C rarely simple (culicifacies), usually with 3 or 
more branches; dorsum of thorax often with one to 3 pairs of small median or 
submedian sclerotized plates; median plate on spiracular apparatus usually 
with lateral arms. 


KEYS TO THE ORIENTAL SPECIES IN THE MYZOMYIA SERIES 
FEMALES (and males where indicated). 
t, Center of scutum covered with fairly broad white scales back onto 
scutellum; hindtarsomeres with broad pale bands, or some fore- 


tarsomeres with pale bands nearly 2.0 the width of tarsomere 
diameter (females and males)... 1.6 see ee tee te ws 2 


2(1). 


3(1). 


4(3). 


5(3). 


6(5). 


7(6). 


8(6). 


O(G). 
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Center of scutum appearing nearly bare except for setae, or with 
slender seta-like pale scales back to scutellum; legs entirely dark, or 
some tarsomeres with apical pale bands or dorsal patches not wider 
thah tareomere diameter. ee Se a ee we a ee aes 3 


Hindtarsomeres with broad pale bands, tarsomere 5 entirely pale; 
scutum with supraalar row of pale scales just above wing root. 
majidi (p. 22) 
Hindtarsomeres with narrow pale bands, tarsomere 5 black; scutum with 
only setae in supraalar row over wing root... jeyporiensis (p. 65) 


Base of vein R next to remigium with patch of gray or black scales 
(fomales Gnd Males): 6. eee se es A a ee 4 
Base of R with only white or yellow-white scales* .......... 9) 


Female preapical dark palpal band much longer than apical pale band 
(females and males hereafter): remigium usually entirely dark- 
scaled; foretarsomeres dark scaled; vein R445 usually dark except 
at DASE wee APO eee culicifacies (p. 52) 

Female preapical dark palpal band approximately equal or shorter than 
length of apical pale band (females and males hereafter): remigium 
with dark scales only at apex; foretarsomeres 1-3 (often 4) with 
narrow apical pale bands or dorsal patches; vein R445 with dark spots 
near base and apex, middle pale. ........ pampanai (p. 99) 


Preapical dark palpal band longer than apical pale band, and 3.0-95.0 
longer than small preapical pale band. ...... fluviatilis (p. 20) 
Preapical dark palpal band variable, from slightly longer than nearly 
equal apical and preapical pale bands to much smaller than pale bands, 
6 


or even absent with apical 0.33-0.40 of palpus pale. ....... 
Hind margin of wing with pale fringe spot at veinlA.......... 7 
Hind margin of wing without pale fringe spot at veinlA........ 8 


Proboscis with distal 0.33-0.60 pale-scaled on dorsum and venter (wide- 
Spread ye ee ae es ae ee aconitus (p. 33) 
Proboscis entirely dark-scaled (confined to Philippines). 
filipinae (p. 18) 


Costa with humeral and presector pale spots (confined to Philippines). 
mangyanus (p. 23) 

Costa usually with presector pale spot or without pale scales basal to 
BOCIOT PAG GIO es eR a Na oe ee ae oa ea 9 


Foretarsomeres 1-4 with very small dorsoapical pale patches or pale 
bands (mainland Southeast Asia and Indian subregions). 
minimus (p. 78) 
Foretarsomeres entirely dark-scaled. .......+2.6+.+s+s80es0068 10 


*Males of the remaining species are best identified on the basis of associated 
immature skins. The characters used here to identify females of the remain- 
ing species are considered 90-98% reliable. 
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10(9). 


2(1). 


3(2). 


4(1). 


0(4). 


6(5). 


7(6). 


8(5). 
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Costa without pale spot or scales basal to sector pale spot; vein Cuyj 
often with one long dark spot distal to m-cu crossvein (widespread in 
Indian subregion and the western mainland part of the Southeast Asian 
eubregion). 2. 2. 2 es varuna (p. 107) 

Costa with or without pale scales basal to sector pale spot; vein Cuj 
usually with 2 dark spots distal to m-cu crossvein (confined to Philip- 
pines and Iidonesia), . .. 6. 6 ce flavirostris (p. 19) 


PUPAE 


Seta 7-VI, VII shorter than to slightly longer than 9-VI, VII, approxi- 
mately 0.35-0.70 length of segments VI, VII lateral margins. .. 2 

Seta 7-VI, VII much longer than 9-VI, VII, approximately equal to or 
longer than segments VI, VII lateral margins. 


Minimus Species Group (p. 18)..... 4 

Paddle fringe not extending mesad of seta 1-P. . . culicifacies (p. 52) 
Paddle fringe extending mesad of seta 1-P, to or nearly to mesal angle 
Ol OAdGUIO. 0 ee 225. 38 


Paddle refractile margin extending 0. 84-0.97 of distance from base to 
seta 1-P; seta 5-III with 3-6 branches; 5-VI with not more than 3 


DPARChES.. 2.4 a ee a a we jeyporiensis (p. 65) 
Paddle refractile margin extending to seta 1-P; seta 5-III with 9-11 
branches; 5-VI with 5 or more branches. ...... majidi (p. 22) 


Seta 0O-IJI-VII long, with 1-7 branches, usually branched on III-V; 0-IV- 
VII more laterad, directly cephalad of 4,5-IV-VII. minimus (p. 78) 
fluviatilis (p. 20) 

Seta O-III-VII short, simple or infrequently bifid; 0-IV-VII more mesad, 
directly cephalad OF 251V-Vil. 2. ee i 9) 


Paddle fringe extending as long filaments mesad of seta 1-P to mesal 
QNele OF DaGOle. 2. es ee 6 

Paddle fringe stopping at seta 1-P, or extending as short scattered fila- 
ments up to 0.75 of distance to mesal angle. ............ 8 


Paddle lateral margin with short spines extending 0.7 or more of dis- 
tance from base to seta 1-P; paddle refractile margin extending 
0. 89-0. 96 of distance from base to seta 1-P (confined to India, Sri 
Lanka and mainland Southeast Asia). ........ varuna (p. 107) 

Paddle with short spines ending 0. 5-0.6 of distance from base to seta 
1-P, changing to long filaments abruptly; paddle refractile margin 
short, extending 0. 50-0. 69 of distance from base to seta 1-P (con- 
fined to Pinilippines and Indonecia). . 6c. sec eee es 7 


Seta 9-III approximately 0.33-0.50 length of 9-IV; 9-IV nearly equal 
length of 9-V; sum of branches of the 2 pairs of seta 2 on VI, VII, 
12 oF less, Usually 6410. ea ee ee. mangyanus (p. 23) 
Seta 9-III less than 0.33 length of 9-IV; 9-IV approximately 0. 66-0. 75 
length of 9-V; sum of branches of the 2 pairs of seta 2 on VI, VII, more 
than 12. ustally 1S or mote, .. 2. Vee ws. flavirostris (p. 19) 


Paddle lateral fringe changing from short spines to long filaments 


9(8). 


0(2). 


6(5). 


1D), 
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abruptly at about 0.5-0.6 of distance from base to seta 1-P; paddle 

fringe not extending mesad of seta 1-P; seta 1-II with 13-27 

branches 2 a ee ee, pampanai (p. 99) 
Paddle lateral fringe gradually changing from short spines to long spines 

to long filaments at about 0.60-0.75 of distance from base to seta 1-P; 

paddle fringe extending mesad of seta 1-P, as short scattered fila- 


ments, not to mesal angle; seta 1-III with 7-17 branches. .... 9 
Paddle refractile margin extending 0.74-0.90 of distance from base to 
seta 1-P (widespread in India, Sri Lanka, mainland Southeast Asia 
and [NdONeSID) oe a a aconitus (p. 33) 
Paddle refractile margin extending 0. 60-0. 79 of distance from base to 
seta 1-P (confined to Philippines). ......... filipinae (p. 18) 
LARVAE 
Anterior tergal plates on segments IIJI-VII very large, more than 0.5 
width of segment, enclosing small median posterior tergal plate . .2 
Anterior tergal plates on IIJ-VII smaller, less than 0.5 width of seg- 
ment, not enclosing small median posterior plate. ......... 8 
» Seta. 2-C with one to many lateral barbs*, ¢ 2.20. 2. Sw a ee. 3 
Sia 2-C Simple? coi. ea a ee 5) 
s Seta 4-C simple, 22 6 a, varuna (p. 107) 
Seta ¢-C lorked or with branches, | 4... 2405346 bk, 4 
. Seta 3-C with 1-9 short lateral barbs, rarely simple; seta 3-T leaflets 
with blunt apices (Southeast Asia except Philippines). 
aconitus (p. 33) 
Seta 3-C simple or forked, without lateral barbs; seta 3-T leaflets with 
fine filaments (confined to Philippines). ...... filipinae (p. 18) 
Seta 0-IV-VI arising on anterior tergal plate, internal to lateral 
ATO a Pc aa a es ae 6 
Seta 0-IV-VI arising on segment membrane posterolateral to anterior 
tergal plate, or just. on or al edge of plate. 2... kk ee ke. 7 
Seta 3-T leaflets with long fine filaments; seta 2-VII simple or bifid on 
distal half (confined to Philippines). ....... mangyanus (p. 23) 
Seta 3-T leaflets with blunt apices or very short filaments; seta 2-VII with 
2-4 branches (confined to mainland Southeast Asia). . pampanai (p. 99) 
Seta 0-IV-VII small, simple or bifid (confined to Philippines and parts 


OL ARGONERIA 656k 6 ee a a flavirostris (p. 19) 
Seta 0-IV-VII large, particularly on IV, with 2-6 branches, rarely 
simple (widespread across mainland Southeast Asia and parts of 
DNA a Go ee ee wae La minimus (p. 78) 
fluviatilis (p. 20) 


*Occasional varuna have both setae 2-C simple, these can be identified by 
having: seta O-JI-VII on the anterior tergal plates, 3-T leaflets with 
long slender filaments and anterior tergal plate on II fused with small 
posterior tergal plate. 
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8(1). Setae 2,3-C with numerous lateral barbs; apex of median plate on 
spiracular apparatus with lateral arms; 4-C with 2-5 branches. 
jeyboriensis (p. 65) 
Setae 2,3-C simple; apex of median plate on spiracular apparatus without 
lateral arms: 4-C Sinitley 5 ye eS i ee ee 9 


9(8). Seta 6-V, VI with 3-4 branches, 13-IV, V with 3-5 branches; seta 8-C 


Simple . Ae ee a a ee culicifacies ip, 32) 
Seta 6-V, VI with 5-8 branches; 13-IV, V with 8-19 branches; seta 8-C 
usually with 2-6 branches, rarely simple. ..... majidi (p. 22) 
Distribution 


The combined distribution for the Oriental members of this series extends 
from culicifacies in the Eritrean region of Ethiopia, through Southwest Asia, 
India, across southern China and the Indochina-Malay Peninsula below 30° N 
latitude, to minimus in the Ryukyu Island chain, and south down through the 
Philippines to aconitus at the eastern end of Indonesia. Actually, this large 
area can be subdivided into 3 subregions based on groupings within the series. 
Two species, culicifacies and fluviatilis occur from the vicinity of the Red Sea 
across semi-arid Southwest Asia to at least India in the case of fluviatilis and 
on into Burma, Thailand and Vietnam for culicifacies. Three species, 
filipinae, flavirostris and mangyanus are confined to the Philippines, with 
flavirostris also extending down into Indonesia. Records of filipinae in Nepal 
(Pradhan and Brydon 1960) and mangyanus in Nepal (Brydon et al. 1961) were 
based entirely on adult characters and are not considered reliable here. The 
remaining 6 species, aconitus, jeyporiensis, majidi, minimus, pampanat 
and varuna are distributed primarily in the India-Indochina peninsular regions, 
with majidi, pampanai and varuna having the most limited distributions. 


Taxonomic Discussion 

I currently recognize 11 species in the Oriental portion of this series, they 
are: aconitus, culicifacies, filipinae, flavirostris, fluviatilis, jeyporiensis, 
majidi, mangyanus, minimus, pampanai and varuna. Of these, 8 species are 
members of the Minimus Species Group (Reid 1968), they are: aconitus, filt- 
pinae, flavivostris, fluviatilis, mangyanus, minimus, pampanai and varuna, 
Due to overlapping characters, adults of some of these species are often ex- 
tremely difficult or impossible to identify. The male genitalia characters are 
also very similar in this series and usually of little value for identifying spe- 
cies. Consequently, the primary diagnostic characters are found on the larval 
and pupal stages in most cases. Reared adults with associated immature skins 
should be used as the basis for determining which species occur in a given 
area. The 3 unassigned species, culicifacies, jeyporiensis and majidi, are 
easily identified in the adult, pupal and larval stages. 

Five of the species in this series, filipinae, flavirostris, fluviatilis, 
majidi and mangyanus, are not found in Thailand. Since they are not thor- 
oughly treated later, each deserves a short discussion. 

Anopheles filipinae was described as a variety of aconitus by Manalang 
(1930) from Luzon Island, Philippines. This taxon was elevated to species 
status by Christophers and Puri (1931). Although the adults usually have vein 
1A with 3 black spots and a pale fringe spot like aconitus, the basal 0.33 of 
the costa normally has humeral and presector pale spots and the proboscis 
is dark-scaled. The pupa is very similar to that of aconitus and needs addi- 
tional study. The larva is also very much like that of aconitus, but differs 
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from aconitus in having seta 3-C simple or forked on the distal half and seta 
3-T leaflets with fine filamentous tips, like those on vavuna and mangyanus. 
Knight and Stone (1977) list the type as non-existent, however, Basio (1971) 
lists the type(s?) as in Division of Malaria, Department of Health, Manila, 
Philippines. In 1969, Mr. Kol Mongkolpanya (SEATO Medical Research Lab- 
oratory) and I collected Minimus Group species on Luzon and Mindoro islands, 
Philippines. That trip yielded 406 reared adults of filibinae with associated 
immature skins and numerous whole larvae from Mindoro Island. These spe- 
cimens are currently inthe USNM. The primary sources for filipinae imma- 
tures on Mindoro were cool spring or seepage water habitats (semi-permanent 
to permanent) with considerable vegetation of all types and usually partial 
shade. A preliminary examination of the above Mindoro specimens and others 
in the USNM, revealed that filipinae adults are as variable as adults of other 
members of the Minimus Species Group. Although diagnostic larval charac- 
ters are known, this stage and particularly the pupal stage need further study. 
This species is apparently most similar to aconitus, pampanai and mangyanus, 
in descending order, and has the fewest similarities with fluviatilis. Major 
publications dealing with filipinae are King (1932), Russell and Baisas (1934, 
1936), Cagampang-Ramos and Darsie (1970) and Baisas (1974). According to 
Baisas (1974), filipinae has been incriminated (by dissection) as a vector of 
human malarial parasites, but its role is apparently very limited. 

I consider filipinae as confined to the Philippines, and the records of 
filipinae from Nepal (Pradhan and Brydon 1960) and Thailand (Thurman 1959) 
as misidentifications. The Nepal record was based on one specimen and the 
location of the specimen(s ?) on which the Thailand record was based is un- 
known. Based on my study of fzlipinae and the variations found on aconitus and 
minimus in Thailand, I believe that these records were based on variant speci- 
mens of one or both of the last 2 named species. 

Anopheles flavirostris was described from Luzon Island, Philippines by 
Ludlow (1914). King (1932) assigned it to subspecies status under minimus. 
Since then it has been considered a subspecies of minimus in almost every 
major publication. However, as noted by Knight and Stone (1977), Baisas 
(1957) guardedly suggested specific status for flavirostris and more recently 
(Baisas 1974: 163) reemphasized that change. I am in total agreement with 
specific status for flavirostris. During this study over 1,000 specimens of 
flavirostris (500 plus with associated immature skins) were examined, includ- 
ing the lectotype in the USNM. These examinations revealed highly reliable 
differences (80-100%) between flavirostris and minimus in the adult female, 
pupal and larval stages. Females of flavirostris usually possess a pale ven- 
tral scale patch on the proboscis, while minimus normally have a dark pro- 
boscis. Frequencies for this character were: flavirostris with pale patch, 
0.964 (109/113 - King 1932); and minimus with dark proboscis, Hong Kong 
feral females - 0.987 (443/449), Thailand feral females - 0.939 (2, 127/ 
2,264), and Thailand progeny females - 0.943 (805/854). A very stable pupal 
difference is the development, branching and position of seta 0 on abdominal 
terga III-VII (see pupal key above). Two other pupal differences are: seta 
9-IIl-darkly pigmented on flavirostris, very pale on minimus; and paddle 
refractile margin - 0.54-0.68 of distance from base to seta 1-P on flavirostris, 
while that of minimus is 0.63-0.85, usually more than 0.68. A very stable 
larval difference involves the development and branching of seta 0 on abdomin- 
al terga IV-VII (see larval key above). Another larval difference, with less 
reliability (80-85%), is the development of the anterior tergal plate (ATP) on 
abdominal tergum II: flavirostris usually has the posterior margin of ATP-II 
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concave and not enclosing the posterior tergal plate (PTP), while minimus 
usually has the posterior margin of ATP-II convex and enclosing the PTP-II. 
Beside morphological differences, I also consider the 2 species geographi- 
cally isolated, with minimus not extending further south than northern 
Malaysia (Perlis) and all previous records of minimus (none based on reared 
Specimens with associated immature skins) in Indonesia applying to flaviros- 
tvis. This decision has been made on a tentative basis since some adults I 
have seen from Sumatra resemble minimus. However, I suspect they are 
dark proboscis variations of flavirostris as King (1932) noted in the Philippines. 
The records of Mangkoewinoto (1919) and Swellengrebel and Swellengrebel- 

de Graff (1920) for aconita var. mevak(cohesia) and minimus var. aconita 
(larval variety) respectively, definitely apply to flavirostris (based on their 
descriptions) and place this sjecies in western Java and Sumatra. Records of 
varuna in Indonesia (Van Hell 1933) can be attributed to flavirostris. Mana- 
lang (1930) first pointed out that flavirostris without a presector pale spot on 
the costa resembled varuna. Specimens of flavirostris without the costal Psp 
and/or pale scales on the proboscis have the appearance of minimus. I have 
examined more than a dozen adults collected on Java and Sumatra from the 
Bonne-Wepster collection that were labeled minimus. They all resembled 
variations of flavirostris or minimus. The only resolution to the question of 
minimus on Java and Sumatra will come through a study of reared adults with 
associated immature skins. Currently, only 3 species in this series are 
recorded from Java and Sumatra, i.e., aconitus, flavirostris and minimus. The 
The larvae of flavirostris are distinct and easily separated from the other 2 
species by the characters outlined in King (1932), Russell and Baisas (1934), 
Cagampang-Ramos and Darsie (1970), Baisas (1974) and the attached key. 
Pupal stages of these 3 species are easily separated by the characters in the 
attached key. Baisas (1936) studied the pupae of the 3 Philippine species, 
filipinae, flavirostris and mangyanus, however, the characters for flavirostris 
presented in that paper were not found satisfactory during this study. More 
reliable characters for separating the pupae of the 3 Philippine members of 
Myzomyia are presented in the attached key, however, the pupae of these 3 
species need additional study. 

Anopheles flavirostris is the most common member of the Myzomyia 
Series in the Philippines and is also one of the more widespread species of the 
series as it also occurs in Sabah and much of Indonesia. A map showing an 
approximation of the distribution for flavivostris was published in Brown and 
Pal (1971). The distribution of the species should probably be extended to 
include all of Sumatra. Immature stages are typically found in slow flowing 
streams of clear fresh water with grassy margins. This species is particu- 
larly prevalent in streams opened up to sunlight during land settlement or 
lumbering operations. Anopheles flavirostris has been incriminated by dis- 
section as a vector of human malarial parasites in numerous studies in the 
Philippines, and has also been the main target of malaria eradication efforts 
for years. It has also been incriminated as a vector of Wuchereria bancrofti 
(Cobbold) on Luzon and Palawan (Rozeboom and Cabrera 1964, 1965). The 
species is definitely exophilic and developed resistance to dieldrin in 1959, 
but remains susceptible to DDT (Brown and Pal 1971). 

Anopheles fluviatilis was described from India by James (1902). This 
name is a junior synonym of listonii Liston 1901 from India, by which the 
Species was recognized until the early 1930's. Christophers (1924a) pointed 
out that /zstonii was a junior primary homonym of listoni Giles, and that 
fluviatilis was the proper name, but this usage did not gain general favor until 
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the appearance of Edwards (1932) and Christophers (1933). The type of fluvia- 
tilis is unknown, but 2 female syntypes of /zstoniz Liston are in the BMNH. 
Both females have the same labels: (1st label) - ''L"' (in long hand); (2nd label) 
- "Deccan, Capt. Liston"; and (8rd label) - my fluviatilis ID label. According 
to Stoll et al. (1964 - ICZN), listoniit must be considered a rejected name. 
Based on my examination of the syntypes of listonii and the description of 
fluviatilis, Iam convinced they are the same species. Knight and Stone (1977) 
list 2 junior synonyms of fluviatilis, they are leptomeres Theobald 1903 and 
avabica Christophers and Chand 1915. The holotype of leptomeres is in the 
BMNH in fair to good condition. Based on my examination of this type, this 
nominal taxon is obviously a synonym of fluviatilis. Edwards (1932) maintained 
avabica in its original status (as var. of funestus), but Mattingly and Knight 
(1956) synonymized avabica under fluviatilis, Two specimens labeled "'para- 
type" of avabica (°° & £) are in the BMNH and are in good condition. Since 
Christophers (1924a) discussed 2 "'types"' in BMNH, they should be considered 
syntypes. I examined these in 1972 and suspect they are not equal to fluvz- 
atilis. However, since further study of this problem is necessary, avabica is 
best left a synonym of fluviatilis. 

The published distribution of fluviatilis is very wide, extending from 
Yemen to Taiwan (Knight and Stone 1977). However, after studying progeny 
broods of minimus from Thailand I am convinced that most records of /fluvi- 
atilis east of northeastern India probably were based on minimus variations. 

A few (7%, 52) specimens of fluviatilis have been reported from Hong Kong 
(Edwards 1935; Jackson 1936a, 1951), which were reared from immatures 
collected from a stream during the winter season (Jackson 1936a). I examined 
those specimens in 1972 in the BMNH and the males cannot be differentiated 
from minimus males, while the females are identical to several variant mini- 
mus that I collected and reared with associated skins during October 1969, in 
the New Territories, Hong Kong. Besides specimens with fluviatilis.-like pal- 
pi, I also collected specimens intermediate between minimus and fluviatilis as 
well as varuna-like variants of minimus. Specimens were also examined from 
Taiwan that were previously identified as fluviatilis and they also appear to be 
minimus variants. Palpal variations were very common on Thailand minimus 
and female progeny from one feral female exhibited a range of variations like 
the top 4 palpi shown for minimus on Fig. 6. In view of the range of palpal 
variations found on reared topotypic minimus in Hong Kong, reared and pro- 
geny minimus from Thailand and the very low frequency of specimens with 
fluviatilis-like palpi east of India. I am confining the range of fluviatilis to 
the Middle East and the Indian subregion. I consider specimens with /fluviatilis- 
like palpi from Thailand and more eastern countries as hypermelanic variants 
of minimus. It is interesting to note that Sweet et al. (1942) had reservations 
about fluviatilis in Yunnan; Robertson (1941) did not report fluviatilis from 
northern Burma and Macan (1948) considered 2 specimens with fluviatilis -type 
palpi from western Burma as minimus variants. More recently, Khin-Maung- 
Kyi (1971) mapped the limited distribution of "fluviatilis" in Burma. Of major 
interest is the fact that Burmese specimens were collected primarily between 
October-December, the post-monsoon cool season. This information supports 
my contention that most fluviatilis of various authors in Burma are probably 
hypermelanic minimus variants, most commonly found during the cool season. 
Actually, the distribution of fluviatilis in India mapped by Christophers and 
Puri (1931) is like the distribution I propose here. I believe fluviatilis occurs 
in Nepal, West Bengal, probably Bangladesh, but rarely, if at all, in north- 
eastern Assam and in Burma. I do not think it occurs east of these areas, 
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thus Iam not recognizing the records of this species from Thailand as sum- 
marized by Scanlon, Peyton and Gould (1968). Christophers (1933) listed 
fluviatilis as occurring in Sri Lanka (as Ceylon) and most writers have pre- 
sumed the listoni of Carter (1925) referred to fluviatilis. However, Carter's 
listoni actually applies to varuna (see under varuna), and there are no con- 
firmed records of fluviatilis or minimus from Sri Lanka (D'Abrera 1944, 
Carter 1950). In Nepal, minimus does not occur much above 671 m, while 
fluviatilis occurs up to nearly 1, 829 m (Brydon et al. 1961, Pant et al. 1962). 
This ecological difference in an area of sympatry is additional evidence for 
the specific distinction of minimus from fluviatilis. These 2 species are very 
closely related and are differentiated only on the basis of the palpal banding 
patterns and distribution. To date, I have been unable to find larval or pupal 
differences to separate those 2 species (See minimus variations section). The 
criteria listed by Christophers (1933) are not considered reliable. However, 
only 3 or 4 feral adults of fluviatilis with skins were available for study. Dr. B. 
N. Chowdaiah, Bangalore University, India, kindly supplied many adults and 
skins of fluviatilis from a colony at that institution. But, since this is an old 
inbred colony I am reluctant to use data from these to represent fluviatilis. 

Sharma (1961) has an extensive review of the Indian literature regarding 
the biology, behavior and vector capabilities of fluviatilis, The immature 
stages are apparently found in essentially the same type water habitats as 
minimus. This species is a well documented vector of human malaria para- 
sites in India. Thurman (1959) pointed out 2 earlier published reports errone- 
ously implicating fluviatilis as a vector of malaria parasites in Thailand. 
These references plus that of Simmons et al. (1944) probably based their vec- 
tor statements on Anigstein's (1932) study in Thailand. Anigstein's records of 
listoni, culicifacies and minimus apparently involve some identification mix- 
ups and should not be relied on (see further discussion on this subject in culici- 
jacies Distribution section). This species is susceptible to DDT in much of 
India, but resistance to DDT has developed in several areas (Brown and Pal 
1971). Current population levels of fluviatilis in many areas of India are very 
low (Prakash and Husainy 1974a, Rahman et al. 1975). 

Anopheles majidi is a poorly known species of no known medical impor- 
tance, that was described from southwestern India by Young and Majid (1928). 
Knight and Stone (1977) list the type-location as "MSI" which is now housed in 
the National Institute of Communicable Diseases, Delhi, India. In 1972, I 
found 3 males and 3 females labeled paratype in the BMNH. All 6 specimens 
were in fair to good condition and had the following label ''S. India, Coorg, 
Mercara, Dr. I. M. Puri, BM 1929.450.'' Whether or not these actually 
represent part of the original type-series is not known. 

Anopheles majidi is nota member of the Minimus Group, and apparently 
is not closely related to the other Oriental members of the series. Adults are 
very distinct in having broad pale bands on the hindtarsomeres and a row or 
line of pale scales just over the wing root. I found several long dark flattened 
setae or scales on the anterior portion of the anterior pronotum on the above 
paratypes. Myzomyia species are characterized in part by not having scales 
on the anterior pronotum, a character often seen on Neocellia species in Asia. 
Several adult characters of majidi suggest a relationship to Neocellia, but the 
immature stages and the adult also have definite Myzomyia characters. The 
pupal stage resembles that of jeyporiensis and is very poorly known (see key). 
The larva has anterior tergal plates like those of jeyporiensis, but simple 
setae 2, 3-C and the median plate on the spiracular apparatus without arms. 
Anopheles majidi probably represents an annectent species between the 
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Myzomyia and Neocellia Series in the Oriental region. It is apparently a for- 
est species that once had a wide distribution in India. Immatures are found in 
erassy slow running streams, open ditches in tea gardens and fallow rice ter- 
races (Christophers 1933). This species has been recorded from India 
(Karnataka, West Bengal), Nepal (Brydon et al. 1961) and Burma (Khin-Maung- 
Kyi 1971). Recently, it was collected in Madhya Pradesh, India (Prakash and 
Husainy 1974a,b). The records from Burma consisted of only 2 collection 
sites and Khin-Maung-Kyi considered the species as scarce. Thurman (1959) 
reported majidi from Thailand, and Scanlon, Peyton and Gould (1968) were 
able to pinpoint the collection site as Fang District, Chiang Mai Province in 
June 1952. However, no specimens confirming the record have been found in 
the USNM or collected since 1952. Reid (1968) noted that females of karwari 
(James) with the distal segment of the palpus broken off look very much like 
majidi. Currently there is little justification for recognizing the Thailand 
record of majidi. Therefore, I am dropping this species from the List of 
Thailand anophelines. 

Anopheles mangyanus was described from Mindoro Island, Philippines by 
Banks (1906) and described again as febrifera by Banks (1914) from Luzon 
Island. The type-specimens for these 2 nominal taxa are apparently non- 
extant (Knight and Stone 1977). Until the early 1930's mangyanus was generally 
considered a synonym of flavivostris. King (1932) revised the status of the 
Philippine members of the Myzomyia Series and recognized mangyanus as a 
valid species, with febrifera as its synonym. Adults of this species look very 
similar to flavirostvis, but do not have pale scales on the proboscis and nearly 
always have humeral and presector pale spots on the base of the costa. The 
pupa is very similar to that of flavirostris (see key), and needs additional 
study. The larva is also very similar to that of flavirostris, but has seta 0 
arising on the anterior abdominal tergal plates and has very long filamentous 
tips on the seta 3-T leaflets. The immatures are typically found along the 
edge of partially to heavily shaded forest streams with cool clear water. 
During personal collections on Mindoro Island in 1969, mangyanus larvae 
were not found in open sunlight. In streams containing both flavirostris and 
mangyanus, the former was usually most abundant in areas with only partial 
shade or open sunlight, while the latter was most common in sectors of the 
stream inside the forest under heavy shade. I consider mangyanus a true 
forest species, probably more directly associated with and dependent on the 
forest than any other member of the Minimus Species Group. Anopheles 
mangyanus feeds readily on man and has been incriminated by dissection as a 
vector of human malarial parasites (Urbino 1947). Actually, mangyanus may 
have played a much more active role in the transmission of malaria parasites 
in the Philippines than it is usually credited (King 1932). Baisas (1957) pointed 
out that mangyanus is usually a vector in more primitive areas, while flavi- 
vostris was the most important vector. In 1969, Mr. Mongkolpanya and I made 
human bait collections in the Macatoc area, previously described as a very 
malarious area by Urbino (1947). Our collections found flavirostris very 
abundant and mangyanus rare. According to area public health personnel, 
malaria cases were rarely (1969) found in this locality. However, 10-12 km 
away in a heavily forested area where members of a group of the Mangyan 
tribe lived, malaria transmission was still very active. A human bait collec- 
tion in the latter area was unproductive due to strong winds, but collections in 
forest streams approximately halfway to the Mangyan settlement yielded almost 
pure mangyanus. During the collections on Mindoro and Luzon in 1969, 118 
adults (107 reared with associated skins) and numerous larvae of mangyanus 
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were collected. These specimens are deposited inthe USNM. Two adult 
mangyanus were reared from pupae and larvae collected in a stream at approxi- 
mately 823 m elevation just south of Balete (Dalton) Pass in Nueva Ecija Pro- 
vince, Luzon. This apparently equals the highest elevation record known for 
this species (Baisas et al. 1950). 

I am limiting the distribution of mangyanus to the Philippines. Brydon 
et al. (1961) recorded this species from Nepal, but I consider this a misidenti- 
fication, probably of a minimus variation (see minimus Taxonomic Discussion 
section) rather than a specimen of pampanai (which is not known from Nepal) 
as proposed by Reid (1968). Some major publications and keys treating 
mangyanus are King (1932), Russell and Baisas (1934, 1936), Baisas (1936, 
1974) and Cagampang-Ramos and Darsie (1970). 


MYZOMYIA SERIES IN THAILAND 


Historical Review 

Scanlon, Peyton and Gould (1968) presented a good review of publications 
treating Thailand anophelines and more recently, a generalized review of this 
subject was included in the introduction of Harrison and Scanlon (1975). 

The first references to members of the Myzomyia Series in Thailand were 
in Barnes (1923a,b), who recorded aconitus from Bangkok and Chiang Mai, 
culicifacies from Chiang Mai, fluviatilis (as funestus Giles, = listoni Liston) 
from Bangkok and Chiang Mai and minimus from Bangkok. Barnes (1923b) 
also contained a key to the adults of the first 3 species. Barraud and Christo- 
phers (1931) essentially repeated Barnes' records and added information from 
specimens collected by J. A. Sinton ona rail trip between Bangkok and Chiang 
Mai. Of particular importance in this last publication was a lengthy discussion 
on adult variations found on aconitus collected in Bangkok (see aconitus Varia- 
tions section). Anigstein (1932) made an extensive malaria and mosquito survey 
in Thailand for the League of Nations. He surveyed 4 areas during a 3 1/2 
month period (Bangkok area, 5 northern provinces, one malarious area in cen- 
tral Thailand and 3 southern provinces), and made major contributions by out- 
lining the topography, hydrography, climate, forests, irrigation systems, 
economics, people and public health of the 4 areas. Anigstein only found a few 
aconitus larvae in the Bangkok area and he noted that listoni as reported in 
Bangkok by Barnes (1923a) would be "unusual" due to the larval habitats of that 
species. He also tried to justify the minimus record (Barnes 1923a) from 
Bangkok by noting similar breeding of minimus in the plains of Bengal. How- 
ever, his "minimus'' from the Plains of Bengal, probably referred to varuna 
instead of minimus. In the northern provinces of Chiang Mai, Chiang Rai, 
Lampang, Nan and Phrae, he reported various combinations of aconitus, 
culicifacies, listoni and minimus. In the central Thai malarious area of Thab 
Kwang (Sara Buri) he reported only listoni and culicifacies larvae, while in the 
southern provinces of Singora (= Songkhla), Phatthalung and Nakhon Si Tham- 
marat he reported combinations of aconitus, culicifacies, listoni and minimus. 
I am convinced that Anigstein's records of aconitus, and particularly culici- 
facies, listoni and minimus in Thailand are not reliable (see culicifacies 
Distribution section). Christophers (1933) recorded the above 4 species from 
"Siam'' and was the first person to use the correct name, fluviatilis, for the 
Species previously called funestus and listoni in Thailand. Payung-Vejjasastra 
(1935) recorded aconitus from the southern province of Yala and incriminated 
minimus, by dissection, as the vector of human malaria parasites in Tung Song 
District, Nakhon Si Thammarat. Causey (1937) collection aconitus, culici- 
facies and minimus from several areas of Thailand, but primarily reported on 
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the mosquitoes in Bangkok. He found aconitus had a very low density in the 
Bangkok area and collected a single specimen (out of 3, 817) of minimus ina 
light trap. This specimen would appear to confirm Barnes' (1923a) record of 
minimus (also one specimen) from Bangkok, however, the absence of minimus 
larvae in the collections and the variations known for aconitus in central Thai- 
land, lead me to suspect both records were misidentifications. 

Until the 1950's most references on Thai anophelines relied heavily on 
Anigstein (1932) and this led to several erroneous references to fluviatilis as 
a major vector in Thailand (see fluviatilis section, also Thurman 1959). 
Shortly after World War II, de Fluiter (1948) and Wilson and Reid (1949) 
published accounts of malaria problems and probable vector species in 
prisoner-of-war camps in Kanchanaburi Province. Both papers reported and 
stressed the probability of minimus as a vector, and de Fluiter reported culi- 
cifacies from camps adjacent to the Mae Klong River. 

In 1949, Thailand became deeply involved in malaria eradication efforts 
and thereafter a number of papers appeared on malaria and control efforts 
against minimus; then the only known vector (Thurman 1954; Griffith 1955; 
Ayurakit-Kosol and Griffith 1956, 1962; Griffith et al. 1957). During this 
same period Sandhinand (1951) reviewed the anophelines recorded from Thai- 
land and reported the first collection of jeyporiensis candidiensis in Thailand 
(Chiang Mai). Iyengar (1953) conducted an extensive survey of filariasis and 
vector species on the flat southern plains area of Nakhon Si Thammarat, 
Pattani, Phatthalung and Surat Thani provinces. The only member of the 
Myzomyia Series collected was aconitus. In connection with the malaria era- 
dication program in northern Thailand, Thurman and Thurman (1955) reported 
that aconitus made up 13% of a year's anopheline catch in a light trap in Chiang 
Mai. They also confirmed Sandhinand's (1951) record of jeyporiensis candidi- 
ensis with a few additional specimens. During the early 1950's the Thurmans 
(D. C. and E. B.) conducted extensive mosquito surveys in northern Thailand, 
until the death of Mr. Thurman from malaria in 1953. These studies culmin- 
ated in a major revision of the mosquitoes of northern Thailand by E. B. 
Thurman (1959). Although the revision did not include the subfamily Anophe- 
linae, anopheline records were included in appendices. These included the 
first reports of filipinae, jeyporiensis jeyporiensis, majidi and varuna from 
Thailand. The addition of these 4 nominal taxa gives a total of 9 taxa of the 
Myzomyia Series reported from Thailand by 1959, they are: aconitus, culici- 
facies, filipinae, fluviatilis, jeyporiensis jeyporiensis, j. candidiensis, 
majidi, minimus and varuna. Many species collected by the Thurmans are 
deposited in the USNM and were used during this study. Foote and Cook (1959) 
reported all of the above species and subspecies from Thailand except j. jey- 
poriensis. 

In 1961 a new period of mosquito research began in Thailand with the 
establishment of the SEATO Medical Research Laboratory (SMRL), Bangkok. 
This organization undertook extensive mosquito surveillance projects and re- 
search on malaria. Since that time numerous papers have been published on 
experimental malaria studies and many used minimus as a laboratory vector. 
Some of these studies are reviewed under the Medical Significance section, 
others are beyond the scope of this study. Otherwise, a number of significant 
papers treating species in the Myzomyia Series have appeared since 1959. 
Tansathit et al. (1962) reported aconitus as one of the 2 most abundant anophe- 
lines at the Sattahib Naval Base, Chon Buri Province, and showed (by dissec- 
tion) that minimus was the local vector of malaria parasites. Scanlon and 
Esah (1965) surveyed mosquitoes coming to human bait at different elevations 


26 Contrib. Amer. Ent. Inst., vol. 17, no. 4, 1980 


(305-829 m) in Chiang Mai Province and recorded aconitus and jeyporiensis 
only at the lowest elevation. Stojanovich and Scott (1966) published an illus- 
trated key to the Anopheles mosquitoes of Thailand. However, the included 
larval and female key couplets did not treat filipinae and majidi and were usu- 
ally based on only one character. Consequently, they were often unreliable 
due to overlapping variations. Another illustrated key to the female Anopheles 
of Thailand was published in the same year (Peyton and Scanlon 1966). This 
key was prepared after the examination and study of a large number of speci- 
mens and has been of considerable help to public health personnel in Thailand. 
This publication also included a checklist of Anopheles recorded from Thai- 
land and the records of aconitus, culicifacies, jeyporiensis candidiensis, 
minimus and pampanai (first report for Thailand) were considered valid. 
Although this is apparently the first published record of pampanaz in Thailand, 
I found several specimens from Chanthaburi and Chiang Mai provinces in the 
BMNH that were determined as pampanai by P. F. Beales or E. I. Coher and 
P. F. Beales in1959, the same year pampanaiwasdescribed. The records of fili- 
pinae, fluviatilis, majidi and varuna were considered doubtful and that for jeypori- 
ensis jeyporiensis was considered a misidentification. Gould et al. (1967) 
established aconitus as a vector of malaria parasites in the central rice plains 
of Thailand. Scanlon, Peyton and Gould (1968) published an annotated check- 
list of the anopheline mosquitoes of Thailand. This publication contained near- 
ly all previous references to a given species in Thailand and notes regarding 

_ the authenticity of those records, also the provincial distribution of the species 
in Thailand. Members of the Myzomyia Series received the same treatment 
and status as in Peyton and Scanlon (1966). Bram et al. (1968) reported the 
collection of several specimens identical to minimus flavirostris in central 
Thailand. This addition to the list made a total of 10 nominal taxa in the 
Myzomyia Series reported from Thailand. However, Scanlon, Reid and Cheong 
(1968) expressed considerable reservations about all of the species and sub- 
species in the Myzomyia Series recorded from Thailand. These authors noted 
that in Thailand: aconitus may have forms close to minimus, flavirostris and 
varuna; forms resembling filipinae and varuna were almost certainly mini- 
mus; only jeyporiensis candidiensis (not the nominate subspecies) was con- 
firmed; and the entire Minimus Group badly needed revision. Reid (1968) 
listed aconitus, culicifacies, jeyporiensis (did not recognize candidiensis as 
subspecies, but as variety), minimus, pampanai, majidi, filipinae, fluviatilis 
and varuna from Thailand, but stressed that the records for the last 4 species 
needed confirmation. Reid (1970) further stressed the need for study of the 
Minimus Group in Southeast Asia and noted that the extent of variations (geo- 
graphic or otherwise) and the geographic distributions for the species were 
poorly known. An illustrated key to the Anopheles larvae of Thailand was 
published by Rattanarithikul and Harrison (1973). This key, based partially 
on the incomplete results of the present study and following Peyton and Scanlon 
(1966), treated only aconitus, culicifacies, jeyporiensis, minimus and pam- 
panai as valid records, and those for filipinae, fluviatilis, majidi and varuna 
as doubtful. These authors overlooked Chow (1970), who correctly pointed out 
candidiensis could not be considered a subspecies of jeyporiensis, and dis- 
cussed the presence of both subspecies and intermediates of jeyporiensis in 
northern Thailand. Harrison and Scanlon (1975) treated members of the 
Myzomyia Series in a key to the adult female Anopheles in Thailand and only 
included the confirmed species, i.e., aconitus, culicifacies, jeyporiensis, 
minimus and pampanai. This last publication also included a discussion on the 
zoogeography of Thailand. 
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It is evident from the above that considerable confusion exists in the litera- 
ture regarding the species of this series that occur in Thailand. This situation 
was not only caused by the unique zoogeographical position of this country, but 
also because: 1) records were based entirely on adult females instead of 
reared specimens with associated immature skins; 2) revisionary studies on the 
Minimus Group and the Myzomyia Series had not been attempted since the 
1930's, hence reliance was necessarily placed on less variable species con- 
cepts developed from studies in other countries; and 3) adequate specimens 
for comparative study were not available in scientific depositories from such 
critical areas as India and Indonesia. 


Medical Significance 

The 11 Oriental members of the Myzomyia Series are perhaps the most 
economically significant assemblage of Anopheles in Asia. Thus far, 9 of the 
Species have been incriminated by dissection of wild females as vectors of 
human malaria parasites, they are: aconitus, culicifacies, filipinae, flavi- 
rostris, fluviatilis, jeyporiensis, mangyanus, minimus and varuna*, In addi- 
tion, aconitus, flavirostris, jeyporiensis, minimus and varuna have been in- 
criminated by dissection as vectors* of the human filarial parasite, Wucher- 
evia bancrofti, and culicifacies, jeyporiensis and varuna are known vectors* 
of another human filarial parasite, Brugia malayi (Brug). Because of these 
vector capabilities and the importance of the associated diseases, many mil- 
lions of dollars (U. S.) are spent annually for the control of species in this 
series. 

The medical importance of the 5 species not known from Thailand, i.e., 
filipinae, flavirostris, fluviatilis, majidi and mangyanus, was briefly discus- 
sed above (p. 18-24). Major references discussing the importance of these 
species are: Covell (1944), Bonne-Wepster and Swellengrebel (1953), Horsfall 
(1955), Foote and Cook (1959), Sharma (1961) and Cabrera and Arambulo 
(1977). 

Although 6 species (including 5 known vectors) of this series occur in 
Thailand, only aconitus and minimus have been confirmed as vectors in Thai- 
land. The other 4 species, i.e., culicifacies, jeyporiensis, pampanai and 
varuna, may be too uncommon to play a major role in the transmission of 
human pathogens in Thailand. Brief summaries of the known or potential 
medical importance of the 6 species in Thailand are given below. 

Anopheles aconitus was considered a primary vector of malaria parasites 
in Thailand as early as Simmons et al. (1944). However, such implications 
lacked confirmation until Gould et al. (1967) found 2 aconitus females positive 
by dissection in the rice plains just north of Bangkok. This area was known 
to be endemic for vivax malaria essentially to the exclusion of all other types, 
and these authors concluded that aconitus was apparently the vector. Addi- 
tional positive specimens of a@conitus have not been found in Thailand. Accord- 
ingly, Harinasuta et al. (1976) considered aconitus of minor importance in 
malaria transmission in Thailand. This interpretation is correct, because 
large forested areas still remain in Thailand where An. dirus Peyton and 
Harrison 1979, and minimus are responsible for the transmission of most 
human malaria parasites. However, in the future, when most of the forest 


*These listings do not imply that they are vectors whenever or wherever they 
are found. Their respective vector capabilities in a given malaria or filari- 
asis scenario are temporal and dependent on the interrelations of many 
factors. 
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tracts have been cut and converted to agriculture, the distribution and abun- 
dance of aconitus will increase, and its role in malaria transmission may in- 
crease. As discussed later, aconitus is well adapted to association with man 
andhiscrops. Asituationhas already developed onthe flat Korat Plateau in north- 
eastern Thailand that may be aforewarning of malaria problems inthe future. Most 
of the forests on the plateau have been cut, usually eliminating or reducing thedirus 
and minimus populations. Intheabsence of these vectors, pockets of endemic mal- 
aria still exist onthe plateau, usually inrice growingareas. Although thevector is 
currently thought (but unconfirmed) to be another species, a@conitus is also common 
inthese areas and should be suspectedasavector. Anopheles aconitus isprimarily 
zoophilic when large mammals suchas cattle or water buffaloesarepresent. How- 
ever, this could change inthe future, with increased mechanization and human popu- 
lation densities. 

Experimentally, Bennett et al. (1966) demonstrated that aconitus can devel- 
op oocyst and sporozoite infections of certain strains of Plasmodium cynomol- 
gi Mayer. Brug (1938), working in Indonesia, was able to infect experimental- 
ly, 68% of test aconitus with Wuchereria bancrofti. Atmosoedjono and Dennis 
(1977) found aconitus naturally infected with W. bancrofti in Flores, Indonesia. 

Anopheles culicifacies was considered a vector of malaria parasites in 
Thailand as early as Anigstein (1932). Simmons et al. (1944) listed it with 
aconitus, aS a primary vector in the plains areas of Thailand, and de Fluiter 
(1948) felt it was probably a vector in the prisoner-of-war camps in Kanchana- 
buri Province, during World War II. These incriminations, however, have 
never been confirmed by dissection, so currently culicifacies is not even con- 
sidered a suspected or potential vector in Thailand (Harinasuta et al. 1976). 
This species is not very abundant and is currently confined to the northern and 
western river valleys in Thailand. However, based on specimens in the USNM, 
it may have been more widespread and abundant in the pre-DDT years. Bruce- 
Chwatt (1970) reported that DDT resistance in culicifacies has been detected in 
northern Thailand. This development may allow the species to become more 
abundant in Thailand. If this happens, culicifacies should be considered at 
least a potential vector when it is found in malarious areas. In India and Sri 
Lanka, DDT-resistant culicifacies have been responsible for nation-wide 
malaria outbreaks in recent years. 

Anopheles jeyporiensis was first reported in Thailand in 1951 and subse- 
quently, has been collected in only 4 provinces, and usually in association 
with cattle. The few specimens dissected for parasites were negative (SEATO 
Med. Res. Lab., unpublished data). Based on the above, jeyporiensis is not 
likely to be involved in the transmission of human pathogens in Thailand. 
Accordingly, it has not been treated as a potential vector by current authori- 
ties (Harinasuta et al. 1976). In certain earlier publications (e. g., Stojano- 
vich and Scott 1966) it was considered a vector in Thailand, probably because 
of its vector roles in Vietnam and southern China (Toumanoff 1936, Jackson 
1936a, Robertson1941). Anopheles jeyporiensis isa confirmed vector of mal- 
aria parasites in both countries, causing Serious malaria problems in Viet- 
nam as late as the early 1960's (Chow 1970). This species is also recognized 
in southern China as a vector of periodic Wuchereria bancrofti and periodic 
Brugia malayi (Hawking 1973). 

Anopheles minimus was considered the only vector of importance in Thai- 
land by the National Malaria Eradication personnel for many years (Ayurakit- 
Kosol and Griffith 1962). Consequently, most malaria control efforts were 
based on behavioral traits of minimus until the late 1960's, when divus (as 
balabacensis Baisas) was also recognized as a major vector in Thailand (Scan- 
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lon and Sandhinand 1965). Actually, minimus was first incriminated (by dis- 
section) as a vector of malaria parasites in southern Thailand by Payung- 
Vejjasastra (1935). In subsequent years, particularly those shortly after 
World War II, thousands of anophelines were dissected for parasites and only 
minimus was found positive for sporozoites (Griffith 1955). During the same 
period (1945-49) reported malaria deaths in Thailand annually averaged over 
45,000 in a population of approximately 18 millions, and annual malaria case 
rates were estimated at approximately 5 millions (Griffith et al. 1957). 

The words "minimus" and ''malaria'’' are almost synonymous in Thailand, 
even though dirus is now considered the major problem vector. Fortunately, 
the combination of DDT (also probably agricultural pesticides) and the altera- 
tion of the environment have reduced minimus densities and its distribution in 
Thailand. At the same time, however, increased tolerance to DDT has been 
detected in Thai minimus (Harinasuta et al. 1976) and this may be partially 
responsible for a resurgence of malaria cases in Thailand from 1970 to the 
present. This resurgence was originally considered primarily due to the 
chloroquine-resistant strains of Plasmodium falciparum (Welch), transmitted 
by dirus. Infact, experimental data (Wilkinson et al. 1972, 1976) suggest that 
dirus (as balabacensis) is more susceptible and develops more enhanced infec- 
tions of chloroquine-resistant P. falciparum than does minimus. However, 
this can only be partially responsible for the malaria resurgence, because 
during the last 3 years the number of cases and prevalence of P. vivax (Grassi 
and Feletti), compared with P, falciparum, has increased drastically (Thai- 
land National Malaria Eradication Program, unpublished data). The cause(s) 
for the P, vivax resurgence are currently unknown. 

The role of minimus in the transmission of human filarial parasites in 
Thailand is apparently non-existent or very minor. Most human filariasis 
in Thailand is caused by B. malayi in the southern provinces where minimus 
is absent or uncommon. Two foci of W. bancrofti occur in Thailand, one in 
the south along the border with Malaysia and the 2nd west of Bangkok in Kan- 
chanaburi Province adjacent to the Burma border. The mosquito vectors are 
uncertain in the first focus, and Aedes (Finlaya) harinasutai Knight, (1978b), 

a member of the Niveus Group, has been incriminated as the primary vector 

in the 2nd focus. During the initial studies in the Kanchanaburi focus, Harina- 
suta et al. (1970) found first stage W. bancrofti larvae in 2 female minimus, 
however, all infective (3rd stage W. bancrofti larvae were found in Ae. harina- 
sutai. In southern China, minimus is recognized as a vector of periodic W. 
bancrofti (Jackson 1936b, Hawking 1973), however, W. bancrofti in the Kan- 
chanaburi focus in Thailand is classified as a rural subperiodic strain. 

Anopheles pampandi is apparently an uncommon mosquito with a patchy 
distribution in Thailand. Accordingly, there is little likelihood that it is 
involved in the transmission of human pathogens. In 1969, I collected a few 
adults in Buriram Province in an area with endemic P. vivax. This area 
lacked the usual vectors, dirus and minimus, but had other potential vectors, 
such as. aconitus, philippinensis Ludlow [or nivipes (Theobald)] and annularis 
Van der Wulp. Mosquito dissection studies in the area were negative for 
malaria parasites. Anopheles pampanai is one of the 2 members of the Ori- 
ental Myzomyia Series from which human pathogens have never been isolated. 

Anopheles varuna is a well known vector of malaria parasites in certain 
areas of the Indian subregion (Rao 1961). In Thailand, however, specimens of 
varuna confirmed by immature skins, have been collected only in Chiang Mai 
and Lampang provinces, although thousands of anopheline collections have 
been made all over the country during the last 20 years. Accordingly, varuna 
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is considered too rare in Thailand to be involved in the transmission of human 
pathogens. 

Iyengar (1938) determined that varuna was a natural vector of W. ban- 
crofti and B. malayi filaria in Kerala (= Travancore), India. However, 
Ramalingam (1975) considered Culex quinquefasciatus Say (= fatigans Wiede- 
mann) and several Mansonia spp., respectively, the primary vectors of these 
2 parasites in India. 


KEYS TO THE SPECIES OF THE MYZOMYIA SERIES IN THAILAND* 
FEMALES (and males where indicated) 


1. Center of scutum covered with short white scales back onto scutellum; 
tarsomeres with distinct apical pale bands; foretarsomere 1 with 
pale band nearly 2.0 width of tarsomere diameter (2+ ©). 

jeyporiensis (p. 65) 
Center of scutum appearing nearly bare except for setae, or with 
slender seta-like pale scales back to scutellum; legs entirely 
dark or some tarsomeres with narrow apical pale bands or 
patches; foretarsomere 1 with pale band no wider than tarsomere 
Mame ty feu ee ee ba eee 2 


2(1). Remigium entirely or mostly dark-scaled; vein R4,5 usually dark 
except at base; female palpus with preapical dark band much 
longer than apical pale band (9+). ..... culicifacies (p. 52) 

Remigium entirely white or with few gray-black scales at apex; 

vein R4,5 usually with prebasal and preapical dark spots, and base, 
middle and apex pale; female palpus with preapical dark band 
approximately equal or shorter (may be absent) than apical pale 
Dun ee Be ee A Minimus Species Group... 3 


3(2). Apex of remigium and vein R base with gray to black scales; costa 
base with humeral and presector pale spots; female proboscis dark- 
Sealeg Ge RO eS ».... pampanai (p. 99) 
Apex of remigium and vein R base pale scaled: costa base without 
humeral pale spot**, with or without presector pale spot; female 


proboscis dark or with some pale scales. .. 5... 6... oleae 
4(3)**, P¥roboscia entirely dark -scaled, 4 6 ew bak. Po Se he eS 5 
Distal half of proboscis with pale or flavescent scales on dorsum and 
Venler OF Contined to emall ventral patch, . os. we eG 6 


*Due to overlapping characters, females of aconitus, minimus and varuna are 
not always identifiable without associated immature skins. The key charac- 
ters used here will identify about 90-95% of specimens of these species. 

**The occurrence of humeral pale spots on aconitus increases in southern 
Thailand. 
***Males of aconitus, minimus and varuna should be identified by associated 
immature skins. 


6(4). 


7(6). 


Zh). 


4(3). 
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Foretarsomeres 1-4 with very small dorsoapical pale patches; 
costa base with presector pale spot represented by at least 
1,2 pale scales; vein Cuy with 2 dark spots distal to m-cu 
CYOSSVEINN Co ov de ae be a ee (p. 78) 


Foretarsomeres entirely dark-scaled; costa base without presector 
pale spot; vein Cuy usually with one long dark spot distal to m-cu 
CYOSSVOT by i eo ce ell ae Fs ene ae es es varuna (p. 107) 

(in part) 


Hind margin of wing with pale fringe spot at vein 1A; Ro with median 
pale spot; 1A with 2 dark spots on distal half. . . aconitus (p. 33) 
Hind margin of wing without pale fringe spot at vein 1A; Ro dark except 
at base and apex; 1A with one long dark spotondistalhalf....... 7 


Foretarsomeres 1-4 with very small dorsoapical pale patches; 
proboscis with flavescent scales-confined to ventral patch; costa 
base with presector pale spot represented by at least 1,2 pale 
scales; vein Cuj with 2 dark spots distal to m-cu crossvein. 

minimus (p. 78) 
(in part) 

Foretarsomeres entirely dark scaled; proboscis with flavescent 
scales on dorsum and venter; costa base without presector pale 
spot; vein Cuy, usually with one long dark spot distal to m-cu 
CROSEVEIR ioe a ee a ee varuna (p. 107) 

(in part) 


PUPAE 


Seta 7-VI, VII shorter than, to slightly longer than 9-VI, VII, approxi- 
mately 0.35-0.70 length of segment VI, VII lateral margins. .. 2 
Seta 7-VI, VII much longer than 9-VI, VII, approximately equal or 
longer than segment VI, VII lateral margins. 
Minimus Species Group... 3 


Paddle fringe not extending mesad of seta 1-P; 2-II with 5-8 branches; 
2-III with 5-9 branches; 9-VIII with 14-19 branches. 
culicifacies (p. 52) 
Paddle fringe extending mesad of seta 1-P to mesal angle of paddle; 
2-II with 2-4 branches; 2-III with 3, 4 branches; 9-VUI with 7-11 
PIONCNOGG 64 wi 614k ei a ae eS a ees jeyporiensis (p. 65) 


Seta 0-III-VII long, simple to 7 branched, usually 3,4 branched on 
IlI-V; 0-IV-VII more laterad, directly cephalad of setae 4, 5, 


particulavly On VieVil ae Ve a eee minimus (p. 78) 
Seta O-III-VII short, simple to trifid (usually simple); 0-IV-VII more 
mesad.civectly cephalad OF S004 Ziad eae aa we 4 


Paddle fringe not extending mesad of seta 1-P; paddle refractile margin 
short, extending 0.66-0.76 of distance from base to seta 1-P; 7-III 
with 5-9 branches; 7-IV with 5, 6 branches; 4-IV with 4-6 branches. 

pampanai (p. 99) 


32 


Z(1). 


3(2). 
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Paddle fringe extending as long or short filaments mesad of seta 1-P; 
refractile margin longer, extending 0.74-0.96 of distance from base 
to seta 1-P; 7-III with 2-5 branches; 7-IV, with 1-5 branches; 4-IV, 
with b= branches. 2.) 2 ee ee ae ek. 5) 


Paddle fringe extending mesad of seta 1-P as widely spaced short 
filaments 0.3-0.5 length of filaments just laterad of 1-P, mesal 
filaments not extending to mesal angle of paddle; trumpet pinna 
distally rounded, venter convex at apex; sum of branches on both 
setae 1-III, 14-32; sum of branches on both setae 5-III, 9-22. 

aconitus (p. 33) 

Paddle fringe extending mesad of seta 1-P as closely spaced long fila- 
ments equal in length to filaments just laterad of 1-P, mesal fila- 
ments extending to mesal angle of paddle; trumpet distally flat- 
tened, with venter of pinna concave at apex; sum of branches on 
both setae 1-IIIl, 31-39; sum of branches on both setae 5-III, 22-37. 

: varuna (p. 107) 


LARVAE 


Anterior tergal plate on III-VII very large, over 0.5 width of segment, 
enclosing small median posterior tergal plate. 


Minimus Species Group. . 2 

Anterior tergal plates on III-VII smaller, less than 0.5 width of seg- 
ment, not enclosing small median posterior tergal plate. .... 5) 
Seta 2-C Siglo. gs 5 
Seta 2-C with one to many fine or stout, short lateral barbs*.... 4 


Seta 0-IV, V large with 2-6 branches, arising on segmental membrane 
posterolateral to anterior tergal plate; sum of branches on both 
AeM Grell. ye ea ee es minimus (p. 78) 

Seta 0-IV, V small, simple, arising on anterior tergal plate 0. 21- 
0.38 of distance from lateral margin to midline of plate; sum of 
branches on both 4-M, 4-6. ..........-. pampanai (p. 99) 


Seta 2-C with 9-18 short lateral barbs; 4-C with 2-5 branches (rarely 
simple); 3-T leaflets with short slender tips. . . aconitus (o, 32) 

Seta 2-C with 1-4 short lateral barbs; 4-C simple (rarely bifid); 3-T 
leaflets with long tapering filamentous tips. .... varuna (p. 107) 


Setae 2,3-C with numerous short lateral barbs; cephalic apex of 
median plate on spiracular apparatus with lateral arms; 4-C with 


O-5 bratcnes. 4 6. Be ee eee G jeyporiensis (p. 65) 
Setae,2,3-C simple; cephalic apex of median plate on spiracular 
apparatus without lateral arms; 4-C simple. . culicifacies (p. 52) 


*Occasional varuna larvae have both seta 2-C simple, but these have long 
~ glender apical filaments on 3-T leaflets, while the apices of 3-T leaflets 
on minimus and pampanai are short and blunt. 
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ANOPHELES (CELLIA) ACONITUS DONITZ 
(Figures 3-9; Tables 1, 2, 6-8, 14) 


Anopheles aconitus Donitz 1902: 70 (2*); Stanton 1915a: 162 (L*, 
= albirostris); Stanton 1915b: 252 (); Stanton 1922: 135 (E*); Barnes 
1923a: 122 (distr.); Strickland 1924: 145 (*, L*, tax.). 

Myzomytia aconita Donitz, Theobald 1903: 30 (translation of original 
description); Swellengrebel and Swellengrebel-de Graaf 1920: 89 (9). 

Myzomyia albirostris Theobald 1903: 24 (, ¢*); Leicester 1908: 23 (%, %, L). 

N. brahmachari McKendrick and Christophers 1912b: 11 (Lapsus calami for 
"M."' = Myzomyia brahmachari, see type-data section for earlier uses 
of name as nomina nuda); Brahmachari 1911: 268 (2, original 
description); Christophers 1912c: 8 (= albirostris). 

Anopheles albirostris Theobald, Stanton 1912: 387 (L*); Christophers 1915: 
392 (% genitalia*); Edwards 1915 in Ludlow 1915: 156 (= aconitus). 

Anopheles minimus var. aconita of Christophers 1916: 475 (tax. ) 

Myzomyia aconitus albirostris of Mangkoewinoto 1919: 55 (¢, L, biol., vector 
status). 

Anopheles (Myzomyia) aconitus Donitz, Christophers 1924a: 51 (tax.); Sinton 
and Covell 1927: 305 (cibarium); Senevet 1931: 69 (P*); Puri 1931: 155 
(L*); Christophers and Barraud 1931: 183 (E*); Barraud and Christo- 
phers 1931: 274 (tax. ); Toumanoff 1936: 156 (“, °, L); Crawford 1938: 
86 (P*); Bonne-Wepster and Swellengrebel 1953: 365 (**, 2*, L*, keys); 
Khin-Maung-Kyi 1971: 479 (distr. ) 

Anopheles (Myzomyia) funestus var. aconita of Carter 1925: 72 (2, L*, tax.) 

Anopheles (Cellia) aconitus Donitz, Stone, Knight and Starcke 1959: 37 (tax.); 
Peyton and Scanlon 1966: 1 (°*, key); Gould, Esah and Pranith 1967: 
441 (vector status); Scanlon, Peyton and Gould 1968: 18 (checklist); 
Reid 1968: 320 (¢C, ¥, P*, L*, E*, key, tax:): Rattanarithikul and 
Harrison 1973: 2 (L*, key); Knight and Stone 1977: 33 (tax.). 


The 4th-stage larva and the pupa of this species are the easiest stages to 
identify with consistency. The large anterior tergal plates, barbed seta 2-C 
and branched 4-C make aconitus larvae distinct. The pupa has seta 7-VI, VII 
very long, 9-III-VII short, usually simple and mesad, and a poorly developed 
paddle fringe mesad of 1-P. These characters, plus those in the keys, will 
readily identify aconitus pupae. The adult should be identified on the basis of 
associated immature skins, because males of a@conitus and minimus are often 
indistinguishable. When the classical aconitus characters are present, i.e. 
distal half of proboscis pale, vein 1A with 3 black spots and hind margin of 
wing with pale fringe spot at 1A tip, then females are easily identified. How- 
ever, most characters on female aconitus are highly variable, including the 
above ''classical'' characters. These variations, plus aconitus-like variations 
found on minimus in Thailand, make females of these 2 species often unidenti- 
fiable without associated immature skins (see Variation sections). 

FEMALE (Figs. 3-7, Tables 1, 6, 7). Head. Vertex with patch of erect 
white scales above interocular space, erect black scales laterally and on 
occiput; interocular space with several long tan setae near top, patch of very 
long white sinuous scales on each side forming frontal tuft, short white ocular 
scales laterally; clypeus bare; pedicel integument very light tan, with several 
minute setae in dorsomesal and ventrolateral patches; flagellomere 1 with 
white and gray scales on dorsal and mesal surfaces, flagellomere 2 usually 
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with few scales, flagellomere 3 may have 1-3 pale scales; proboscis basally 
with dark brown decumbent scales, distally with decumbent pale yellow 
scales, distal 0.29-0.65 usually dorsally and ventrally pale to bare labellum, 
rarely with only pale distoventral patch, or entirely dark; forefemur/proboscis 
ratio 0. 84-0.92, 0.90 mean (10 females); palpus equal or slightly shorter than 
proboscis, with partially erect dark scales at base and on segment 2, remain- 
ing scales decumbent; palpus color pattern variable usually with 3 pale yellow 
bands, narrow basal band at segmental joint 2,3, variable median band on 
segment 3 apex and segment 4 base, variable apical band on segment 4 apex 
and segment 9 entirely pale; median and apical pale palpal bands often fused 
leaving only 2 pale palpal bands with apical band approximately 0.30-0.35 
length of palpus (see Variation section). Thovax. Integument pale yellow to 
tan, central portion of scutum slightly gray with 3 dark lines in acrostichal 
and dorsocentral setal rows; fossa, scutal angles and supraalar areas darker; 
anterior promontory with long erect pale scales, shorter darker scales later- 
ally at dorsocentral setal rows; scutum with pale yellow seta-like scales back 
nearly to scutellum; fossa without scales; scutal setae dark brown, long, in 
acrostichal, dorsocentral, prescutal, fossal, antealar and supraalar groups; 
prescutellar space bare; scutellum with anterior row of short, narrow, pale 
seta-like scales, posterior row of long dark brown setae; anterior pronotum 
with long dark setae; posterior pronotum bare; pleuron without scales, some 
sclerites may appear darker forming dorsal and ventral longitudinal dark 
bands; pleural setae: 1,2 propleural, 1,2 spiracular, 2-5 prealar, 2-4 upper 
and 3-9 lower sternopleural, 2-5 upper and 0 lower mesepimeral. Wing. 
Color pattern variable (see Variation section), pale markings usually yellow 
to dirty white, dark markings dark gray to blue-black, common pattern fol- 
lows. Costa with sector, subcostal and preapical pale spots; remigium pale 
scaled; humeral crossvein bare; vein R base pale to presector dark spot; R 
sector pale spot and accessory sector pale spot fused, rarely separated by 
dark spot, approximately 2.0 length of sector pale spot on costa; Ry with vari- 
able subcostal and preapical pale spots, subcostal spot infrequently reduced 
or absent, infrequently with accessory pale spot on preapical dark mark, tip 
pale-scaled; Rg-R9+3 with pale scales at origin, adjacent to R4,5 origin and at 
R23 fork, 2 basal spots frequently fused; Ro with pale scales at origin, apex 
and middle of vein, 2 basal spots often fused; Rg with basal and apical pale 
scales, median pale spot present more often than absent; R4,5 most commonly 
pale with small preapical dark spot; M with pale scales on basal 0.3-0.4, at 
r-m and m-cu crossveins and at M fork; Mj+9 and Mg, with white scales at 
origin and apex, Myj,5 often with pale median spot; Cu pale-scaled except 
small subbasal dark spot; Cu fork dark or pale; Cu, normally with 3 black and 
3 pale spots, pale spots at m-cu crossvein, between 2 most apical dark spots, 
and at apex, rarely median pale spot absent and vein primarily dark; Cug dark 
or pale-scaled at base, with long pale mark to preapical dark mark on apical 
0.33, apex pale-scaled; 1A primarily pale-scaled with small subbasal, median 
and preapical dark spot, infrequently median and preapical dark spots fused 
making apical 0.5 of vein dark; 1A rarely pale except one small subbasal dark 
spot, or dark except small pale area at base; fringe spots at wing apex highly 
variable; apical fringe spot fairly stable, starting at or above Rj apex, usually 
extending down to include tip of Rg; Rg tip usually with dark fringe; R4+5 tip 
usually with pale fringe; additional pale fringe spots include those adjacent to 
apices of Mj,9, M34) Cuy, Cu , 1A and on hind margin of wing basal to 1A; 
fringe spot at 1A and on hind margin of wing basal to 1A not constant. Halter. 
Stem pale, knob dark-scaled. Legs, Integument dark, with blue-black scales; 
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coxae without scales; upper midcoxa with 2-95 setae; forefemur normally not 
swollen; femora entirely dark, tibiae usually dark, midtibia may have small 
dorsoapical pale patch; foretarsomeres:1-4 with apical pale bands or dorsal 
patches, band or patch on 1 widest, but not more than width of tarsomere; 
foretarsomere 5 dark; mid- and hindtarsomeres like foretarsomeres, except 
pale bands or patches not as wide. Abdomen. Unicolorous light brown, 
covered with numerous light tan setae; setae darker distally particularly on 
venter; without scales. 

MALE (Fig. 7). Like female except: Head. Antennal whorl setae longer, 
more numerous; pedicel enlarged, without minute setae; flagellomere 1 with 
few yellow-gray scales on mesal surface; proboscis without pale scales, 
slender, longer than female proboscis, usually curved slightly downward on 
distal half; forefemur/proboscis ratio 0. 64-0. 71, 0.67 mean (10 males); pal- 
pus with 2 apical segments flattened, clublike, with narrow dorsoapical patch 
of pale yellow scales on segment 3, dorsum of segment 4 pale-scaled except 
for few dark scales at base and on lateral margin to segment apex, dorsum of 
segment 9 pale-scaled except for few dark scales at base; palpal segmental 
joint 2,3 dark. Thorax. Integument yellow to orange brown; prealar setae 
2,3. Wing. More slender than female wing, with fewer, darker scales; 
veins R45, M449, M3+4) Cu, Cuz, Cuy, and 1A without plume scales on wing 
upper surface; tertiary fringe scales on caudal margin of wing extending 
basally from apex only to Cuy-Cug region; vein R 45 usually with subbasal 
dark spot; Cu fork usually dark; 1A with distal half of vein dark-scaled; tip of 
1A often without pale fringe spot. Abdomen. Segment VIII without scales. 
Genitalia. Basimere with ventrolateral light gray scales, dorsolateral black 
scales, with 4,5 large parabasal spines; claspette without lobes, with ventro- 
mesal spicules, long, large apical seta, stout lateral club and seta between 
apical seta and lateral club; apical seta longer than club, intermediate seta 
approximately equal length of club; lateral club fused with 3, 4 basal stems; 
aedeagus narrow, dorsally curved, with 4,5 leaflets on each side of tip; larg- 
est leaflets with serrate edge on one side; tergum IX with weakly sclerotized 
angulate lateral lobes, median portion membranous with minute spicules, pos- 
terior margin concave; proctiger cone-shaped, membranous with minute 
spicules, covering aedeagus and most of claspettes, extending 0.67 distance 
to basimere apex. 

PUPA (Fig. 8, Table 8). Integument clear to uniformly brown, usually 
clear or light tan, with clear paddles. Cephalothorax. On dark specimens, 
wing case with faint lines on veins and lateral 0.5 of antennal case darkly 
pigmented with distinct dark mark at each joint. Trumpet. On light specimens 
darker than cephalothorax, same color on darker specimens; simple, with 
deep meatal cleft, meatus 0.26-0.35 length of trumpet; pinna evenly rounded 
distally, not flattened with longitudinal ventral ridge and distally expanded. 
Metanotal Plate. Seta 10-MP simple to bifid. Abdomen. Seta 0-II-VII small, 
simple, infrequently bifid, positioned mesally and cephalad of 2-II-VII; 4-I 
with 6-10 branches; 9-I with 2-5 branches, approximately 1.0 length of seg- 
ment I; 1-II with 8-21 branches; 2-II with 4-7 branches; 3-II, 1-4 branches; 
6-II very long, simple; 8-II absent or small, simple to bifid; 9-II simple, very 
small, at posterolateral corner; 10-II absent or small, simple; 1-III with 
7-17 branches; 2-III with 3-9 branches; 3-III, 1-4 branches; 4-III with 4-8 
branches; 5-III with 7-11 branches; 7-IJI with 2-5 branches; 9-III small, pig- 
mented, slender, with acute tip, 0.3-0.5 length of 9-IV; 1-IV with 7-9 bran- 
ches; 4-IV, 1-4 branches; 6-IV with 2-5 branches; 7-IV, 1-4 branches; 9-IV, 
dark, often flattened, with acute tip, 0.19-0.37 length of segment V, 0.67- 


36 Contrib. Amer, Ent. Inst., vol. 17, no. 4, 1980 


0.90 length of 9-V; 1-V with 2-7 branches; 4-V with 3-6 branches; 9-V, 0.29- 
0.51 (usually 0.35 or more) length of segment V, 0.63-0.94 length of 9-VII, 
dark, usually flattened with acute tip; 1-VI with 2-5 branches, about 1.0 length 
of segment; 2-VI with 3-6 branches; 4-VI with 2,3 branches; 5-VI with 4-6 
branches; 7-VI simple, very long, 0.95-1.17 length of segment VI; 9-VI dark, 
usually flattened with acute tip, 0.86-1.00 length of 9-VII, 0.41-0.48 length of 
segment VI; 1-4 branches; 2-VII with 2-4 branches; 4-VII simple or bifid; 
5-VII with 3-7 branches; 6-VI very small, adjacent to 9-VII, simple or bifid; 
7-VII simple, very long, 0.96-1.15 length of segment VII; 9-VII dark, usually 
flattened with acute tip, 0.38-0.47 length of segment VII; 9-VIII dark, flat- 
tened, with 7-13 close short branches arising from broad central stem. 
Genital Lobe. Clear to unicolorous brown, without bands of pigment. Paddle. 
Clear regardless of pigment on remainder of pupa; refractile margin long, 

0. 74-0. 90 of distance from base to seta 1-P; paddle 1.40-1.55 as long as wide; 
lateral fringe gradually changing from small spines to filaments at 0.60-0.75 
of distance from base to seta 1-P; paddle fringe extending slightly mesad of 
seta 1-P as short scattered filaments, not extending to mesal angle of paddle; 
1-P simple, sinuous or with kinks, hooked at apex, when unstraightened, 0.33 
or less length of paddle. 

LARVA (Fig. 9, Table 14). Usually tan to gray-brown, without discern- 
able color pattern, infrequently dorsal surface with dark central stippled pat- 
tern, caused by small internal spheroid bodies. Head. Color as for body, 
may have dark pattern on frontoclypeus; pattern consists of 2 transverse bands 
and 3 longitudinal bands; anterior transverse band at seta 4-C level, posterior 
transverse band at 5-7-C level; 2 transverse bands connected by semilateral 
longitudinal dark band on each side; posterior transverse dark band has cau- 
dally projecting longitudinal band at midpoint; anterior transverse band infre- 
quently not centrally complete; antenna same color as head, 6.0 length of 
widest point, base slightly wider than tip, with stout dark spicules on mesal 
and ventral surfaces; seta 1-A short, simple, inserted on outer dorsal aspect, 
0.17-0.24 from base; 2,3-A with one edge serrate; 4-A with 4-7 branches; 2-C 
with bases more widely separated than distance between bases of 2,3-C on one 
side; 2-C with 9-18 short lateral barbs; 3-C with 1-9 short lateral barbs, 
rarely simple; 4-C with 2-6 branches arising on basal 0.25 of seta, rarely 
simple, extending cephalad approximately to base of 2-C; 5-7-C long, with 
5-C longest, reaching forward beyond base of 2-C; 8-C with 2-5 branches from 
base, rarely simple. Thorax. Usually without small submedian sclerotized 
plates on dorsum of thorax; sclerotized bases of setae 1,2-P separated or 
joined; 1-P with 19-24 branches; 2-P nearly 2.0 length of 1-P, with 10-14 
branches; 3-P short simple, without sclerotized base; 4-P with sclerotized 
base, longer than 3-P; 5-P with sclerotized base, approximately equal or 
slightly longer than 4-P, with 36-45 short side branches; and brush-like tip; 
8-P large with sclerotized base adjacent to sclerotized base of 9-12-P, with 
29-33 branches; 9-P long, with 9-11 branches; 11-P short with 2-4 branches; 
10,12-P very long, simple; 13-P with 4-8 thick rod-like branches; 1-M flat- 
tened, with large central stem and 30-39 lateral branches arising close to- 
gether; 4-M short, with 3-5 branches arising near base; 3, 5-M long (5-M 
longest), simple, arising side by side, without sclerotized bases; 6, 7-M with 
3-5 and 2-5 branches respectively, 6-M longest; 8-M with 18-24 branches; 9, 
10-M very long, simple, 9-M rarely bifid; 12-M short, bifid, branched on 
basal 0.5; 3-T with very short thick stalk, 11-17 lightly pigmented leaflets; 
3-T leaflets without shoulders, with narrowing apices, but blunt tips; 9-T 
large, on sclerotized base; 7,8-T large, on sclerotized bases; 9-T long, with 
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5-7 branches; 10-T long, simple; 11-T minute, simple; 12-T short, with 3, 4 
branches from near base. Abdomen, Anterior tergal plates on III-VII very 
large usually 0.50-0.66 width of segment, enclosing small median posterior 
tergal plate on each segment; posterior margin of anterior tergal plate II con- 
vex, enclosing posterior tergal plate; lateral margins of anterior tergal plates 
usually tapering, not rectangular; segments II-VII usually with pair of small 
oval submedian plates caudal to large anterior plates; seta O0-II-VII small, 1-3 
branches from near base, arising close to lateral margin of anterior tergal 
plate, either just off or just on plate; occasionally 0 found more mesal on 
plates, up to 0.3 but rarely more than 0.15 of distance from lateral margin to 
midline of plate; seta 1-I with narrow, lanceolate gray leaflets usually without 
shoulders; 1-II-VII with well developed leaflets with distinct shoulders and 
long fine filaments, leaflets dark gray-brown on basal portion, paler on 
shoulders and filament; 1-I with 12-14 leaflets; 2-I, 1-3 branches; 7-I long, 
with 24-28 branches; 11-I very large, with 4 branches from near base; 1-II 
with 16-19 leaflets; 7-II long, with 28-31 branches; 1-III with 17-23 leaflets; 
7-III short, with 4-8 branches from near base; 13-III small, with 7-12 branches; 
1-IV with 18-22 leaflets; 5-IV with 3-5 branches from near base; 6-IV with 3 
branches; 13-IV with 4-8 branches; 1-V with 17-21 leaflets; 5-V with 5-8 bran- 
ches from near base; 6-V with 3 branches; 13-V with 4, 5 branches; 1-VI with 
17-21 leaflets; 5-VI with 6-9 branches from near base; 1-VII with 16-18 leaf- 
lets; 2-VII with 2-5 branches; 0-VIII smali, simple or bifid, arising on integu- 
ment posterolateral to tergal plate; 2-VIII with 8-11 branches. Pecten plate 
with 4-6 long and 6-9 short teeth, long teeth usually on each end with several 
interspersed among intermediate short teeth, long teeth with lateral serra- 
tions; seta 1-S large, with 6-8 branches, inserted just caudad of pecten plate; 
2-S small, with 4-7 branches; inserted on pecten plate; apex of median plate 
sharp pointed, with narrow lateral arms; saddle on segment X with minute 
spicules; 1-X simple, long, 1.44-1.81 dorsal length of saddle; 2-X with 17-22 
branches, most basal branches shorter than distal branches and straight, 
thick, narrowing abruptly to sharp thorn-like tip, most distal branches long, 
tapering gradually to small hooked tip. 

EGG. Description from Reid (1968). "About 0.44 mm. long with more 
prominent points than in minimus, deck narrow and of fairly uniform width 
not narrowed towards the middle as in minimus, floats long about 4/5 the 
length of the egg compared with about 3/4 in minimus, with an average of 19 
strong double-crested ribs.'' Additional references to the egg stage of aconi- 
tus are: Stanton (1922), Christophers and Barraud (1931), Walch and Walch- 
Sorgdrager (1934) and D'Abrera (1944). 

TYPE-DATA. The holotype 2 of aconitus was deposited in the Zoologisches 
Museum der Humboldt Universitat, Berlin (German Democratic Republic), but 
the current status of this specimen is unknown. According to Theobald (1903) 
the ''specimen" was preserved "in spirits"’ (? alcohol). Yamada (1925) was 
apparently the last mosquito taxonomist to examine the holotype, and he found 
it badly damaged with only one leg present. Christophers (1933) listed the 
"Type'' of aconitus as unknown, while Stone, Knight and Starcke (1959) and 
Knight and Stone (1977) list it as present in the original depository. Reid 
(1968) lists more than one female, i.e. ''Types'', as deposited in Berlin. 
Donitz obviously examined more than one specimen as he listed the habitat 
as "Sumatra (Kajoe-Tanam). Java (Willem I; Soekaboemi), '' in the original 
description (p. 62-3), and later (p. 76-7) listed aconitus from 7 localities on 
Sumatra and 7 localities on Java. However, the translation (Theobald 1903) 
of the original description clearly states that one specimen from Kajoe Tanam, 
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Sumatra (near west coast, just north of Padang) was used for the description. 
Furthermore, Yamada (1925) discussed "'the type"’ without any indication that 
more than one specimen was present. Therefore, I am considering that speci- 
men the holotype of @conitus. 

The original description of aconitus, with associated plates, and Yamada's 
discussion of his examination of the holotype leave no doubt as to the identity 
of this species. Further evidence mentioned in the original description and 
visible on the wing plate and also discussed in Yamada (1925), is the absence 
of a dark spot on R separating the sector pale spot from the accessory sector 
pale spot. Anopheles aconitus very rarely has this dark spot (at least in 
Thailand), while minimus often has it and flavirostris, which occurs with 
aconitus in Indonesia, usually has it. The holotype was also described as 
having 4 (pale) spots on anterior margin of the wing at equal distances from 
each other. The plate in Donitz (1902) shows these spots as humeral, sector, 
subcostal and preapical, not sector, subcostal, preapical and apical (Theobald 
1903). The absence of a presector pale spot in this arrangement is unusual, 
however, at least 25 Thailand specimens (¢) of a@conitus were found with an 
identical costal spot pattern as the holotype. 

Two synonyms of aconitus were listed by Knight and Stone (1977), i.e., 
albirostris Theobald and brahmachari McKendrick and Christophers (as 
Christophers). Theobald (1903) described albirostrvis from 2 excellent speci- 
mens. I have examined these 2 (“ and $) syntypes in the BMNH andhere 
designate the female as lectotype. The lectotype is pinned (minuten nadelin) 
on a cardboard stage, and is in near perfect condition except the left wing is 
broken off and is stuck by the base to the minuten. The lectotype has the fol- 
lowing labels: (1st label - underside of cardboard minuten stage) - "HED, 1 
pol. . . (undeciphered), Rest house, 16/V/02"'; (2nd label) - 'Kuala Lumpur, 
D. Durham"; (3rd label) - "Anopheles alborostris [sic] (Type) FVT. [Theo- 
bald's handwriting]; and (4th label) - "Anopheles (Cellia) aconitus Donitz, det. 
B. A. Harrison.'’ This specimen has the following characters in addition to 
those discussed in the original description. The right wing has a distinct pre- 
sector pale spot and 2,3 pale scales on the caudal aspect of the costa where a 
pale humeral spot would occur. The left wing has the presector and a faint 
humeral pale spot less distinct. The distal half of vein 1A is entirely pale on 
both wings, and the palpus has a very narrow preapical dark band. The male 
paralectotype is also in excellent shape, with genitalia intact. This specimen 
has a locality label ''Kuala Lumpur, New Road, Larvae", and the remaining 
labels as for the lectotype. The paralectotype has a humeral and presector 
pale spot on the left wing and only a presector pale spot on the right wing. The 
apical 0.35-0.40 of vein 1A is dark scaled on both wings and the hind margin 
of the wing lacks a pale fringe spot at the tip of 1A. There is one other female 
in the BMNH with a type-label on it under albirostris, however, this label is 
"var. Type'' and refers to an unpublished Theobald manuscript name ona 
label below the specimen. Ido not consider this specimen a paralectotype 
because it is labeled with a July collection date rather than May as stated in 
the original description, and does not have the label with "Anopheles alboros- 
tris [sic] (Type) FVT.'' written by Theobald, as do the lectotype and para- 
lectotype. 

The type-specimens of bvahmachavi from Calcutta, India, are listed by 
Reid (1968) as in the National Institute of Communicable Diseases, Delhi, 
India. I have not seen these specimens, but based on the original description 
of this species (Brahmachari 1911) it is probably a synonym of aconitus. The 
circumstances surrounding the naming of bvahmachari were confusing. This 
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species was described, but unnamed, by Brahmachari in July 1911, in the 
"Indian Medical Gazette.'' In March 1912, there were 2 references to the 
name brahmachavii: (1) Christophers (1912a) refers only to brahmacharii 
without an indication (Arts..12, 16, ICZN-1964) or a reference to a genus; 
and (2) Christophers (1912b) refers to M. (= Myzomyia) brahmacharii with a 
reference to an earlier note in "'Paludism", vol. 3 (1911). However, a page 
by page search of ''Paludism",, vols. 2 and 3 revealed no reference to Brah- 
machari's new species. It seems likely that Christophers meant to reference 
the new species in the "Indian Medical Gazette" instead of the journal, 
"Paludism"’. In September 1912, the name M. brahmacharii was used for the 
3rd time in an ''Editorial"’ section by McKendrick and Christophers (1912a, as 
editors) and again without a proper indication. The above 3 references to the 
name bDvahmachayi do not fulfill the ICZN requirements for naming a species 
and therefore I consider them as nomina nuda, Finally, the name was used by 
McKendrick and Christophers (1912b, as editors) in a review of current litera- 
ture that contained a proper indication to the original description. I consider 
this publication of the name as satisfying the ICZN requirements. Unfortun- 
ately, further problems remain. Previous authorities (Christophers 1933, 
Stone et al. 1959, Knight and Stone 1977) have attributed the name brvahma- 
chavi to Christophers, however, the name was used ina "'Current Literature" 
section of a journal with no listed authorship. A search of that entire volume 
(5) of ''Paludism" revealed no statement giving Christophers sole authorship 
for that section. Therefore, since McKendrick and Christophers (in that 
order) were the editors for volume 5, "'Paludism", I credit them with naming 
brahmachari. The 2nd problem with the accepted publication of this name 
involves an apparent inadvertent error (lapsus calami, Art. 32, ICZN), i.e., 
an incorrect spelling indicating the wrong generic abbreviation. In previous 
usages of the name (above nomina nuda) it was assigned to M. = Myzomyia, 
and brahmachari was spelled bvahmacharii. In McKendrick and Christophers 
(1912b), however, the generic designation was ''N. '’ which would mean Nys- 
sorhynchus and brahmachari was spelled with only one "i". Since references 
before (Christophers 1912b, McKendrick and Christophers 1912a) and after 
(Christophers 1912c, 1916) this usage places this species in Myzomyia, I 
believe the "'N,"' appearing in McKendrick and Christophers (1912b) was an 
inadvertent printer or editorial error for 'M."'"' The use of brahmachari with 
one ''i'' should probably stand, based on Art. 32, ICZN, since Christophers 
(1912c) also used the name with one "i."' 

DISTRIBUTION (Fig. 8). This species possibly has the widest distribu- 
tion of any member of the Myzomyia Series in the Oriental region. Only mini- 
mus has a comparable range. Knight and Stone (1977) list the distribution for 
aconitus as "Oriental Region.'' A more concise description of its range follows. 
It extends from India, Nepal and Sri Lanka in the west to Hainan Island, 
People's Republic of China in the east, south through the Indochina- Malay 
peninsula into Indonesia as far east as Babar Island in the Lesser Sunda chain. 
A fairly accurate map depicting this range is found in Soerono et al. (1965). 
More specifically this distribution includes: BANGLADESH; BURMA; CAM- 
BODIA; INDIA (Andaman islands, Andhra Pradesh, Assam, Bihar, Karnataka, 
Kerala, Madhya Pradesh, Maharashtra, Orissa, Tamil Nadu and West Ben- 
gal); INDONESIA (Alor, Babar, Bali, Flores, Java, Kisar, Lombok, Pantar, 
Sulawesi, Sumatra, Sumba; Sumbawa and Timor); LAOS; MALAYSIA (Peninsu- 
lar); NEPAL: PEOPLE'S REPUBLIC OF CHINA (Kwangtung, Hainan Island and 
Yunnan); PORTUGUESE TIMOR; SINGAPORE; SRI LANKA; THAILAND; and 
VIETNAM. Swellengrebel and Rodenwaldt (1932) record aconitus from the 
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eastern part of Kalimantan (= Indonesian Borneo), but this record needs con- 
firmation, as aconitus has not been recorded in East Malaysia (northern 
Borneo) despite years of active mosquito surveillance programs. 

Scanlon, Peyton and Gould (1968) recorded aconitus from 26 provinces in 
Thailand and claimed it is one of the most abundant species in Thailand, being 
found nearly everywhere collections have been made except in dense forested 
areas. During this study specimens of aconitus were examined from an addi- 
tional 10 provinces and now, it is known from 36 of the 72 provinces in Thai- 
land. I consider it ubiquitous in Thailand (Fig. 8). This species is recorded 
from the following provinces of THAILAND: Ayutthaya, Buriram, Chantha- 
buri, Chiang Mai, Chon Buri, Chumphon, Khon Kaen, Krabi, Krungthep Maha 
Nakhon, Lampang, Lop Buri, Mae Hong Son, Nakhon Nayok, Nakhon Ratcha- 
sima, Nakhon Si Thammarat, Nan, Narathiwat, Nonthaburi, Pathum Thani, 
Phangnga, Phayao, Phet Buri, Phrae, Phuket, Prachin Buri, Prachuap 
Khiri Khan, Ranong, Rat Buri, Rayong, Sara Buri, Satun, Surat Thani, 
Trang, Trat, Udon Thani and Yala. 

A total of 13, 302 aconitus specimens were examined during this study 
(1,2290, 6,2402, 639 larvae, 2,511 larval and 2, 683 pupal skins). Specimens 
examined from Thailand include 351%, 5,0299, 597 larvae, 511 larval and 661 
pupal skins from adult and immature collections; and 860C, 1,1659, 2 larvae, 
1, 981 larval and 2,007 pupal skins representing progeny from 98 females col- 
lected in Chumphon, Pathum Thani and Sara Buri provinces. Additional speci- 
mens (180, 462, 40 larvae, 19 larval and 14 pupal skins) were examined from 
the following countries:. BURMA; CAMBODIA; INDIA; INDONESIA; MALAYSIA 
(Peninsular), includes the type-specimens of albirostris in BMNH; SRI LANKA; 
and VIETNAM. 

VARIATIONS (Figs. 3, 6; Tables 1, 6-8, 14). A more classical diagnosis 
of an aconitus female would include the following characters: (1) proboscis 
pale on distal half; (2) palpus with narrow preapical dark band; (3) vein Rq4,5 
without a prebasal dark spot; (4) vein 1A with 3 dark spots; and (5) wing mar- 
gin with pale fringe spot adjacent to 1A tip. Most workers still rely on one to 
all of these characters to identify their specimens, however, none of these 
characters are 100 percent reliable. Among the earliest workers to suspect 
variations in a@conitus were Mangkoewinoto (1919) and Swellengrebel and 
Swellengrebel-de Graff (1920). These workers found specimens intermediate 
to aconitus and minimus on Java and Sumatra. However, their intermediates, 
i,e., a@conita var. merak(cohesia) Mangkoewinoto and minimus var. aconitus 
(Larval variety) of Swellengrebel and Swellengrebel-de Graff, should definitely 
be assigned to flavirostris, a Philippine species which is widespread in Indo- 
nesia, but was not recognized by workers there until Van Hell (1933). The 
former, mevak(cohesia), has been considered a synonym of minimus in 
recent years (Knight and Stone 1977). Among other early workers, Lamborn 
(1922) noted that the palpi of Malayan aconitus often lacked the preapical dark 
band and were entirely pale on the distal 0.33, while Strickland (1924) pointed 
out specimens in Assam with the proboscis nearly dark and the costa without a 
presector pale spot. Lamborn's work is particularly interesting because he 
was attempting to study variations by the examination of "in bred families" 

(= sibling broods). Unfortunately this study was terminated before completion. 
Possibly Strickland's major accomplishments in his paper were the use of 

associated larval skins to confirm the identity of the adults, and to point out that 
larval differences between aconitus and minimus in ASSam were very constant. 

Several papers published during the 1930's dealt with aconitus variations. 
Christophers and Puri (1931) noted the pale palpal variation (see Lamborn 
above), the infrequent absence of the 1A pale fringe spot and that a costal pre- 


Harrison: Myzomyia Series of Anopheles in Thailand 41 


sector pale spot was usually missing on Indian aconitus. They also claimed 
that 2 characters, i.e., dark subbasal spot on R4,5 and 1A with 3 pale spots, 
were of little value on Indian aconitus. Of particular interest to this study is 
a paper by Barraud and Christophers (1931) on variations noted on 58 aconitus 
females collected in Bangkok, Thailand. These specimens had the distal 0.33 
to 0.50 of the proboscis pale-scaled, base of the costa usually without humeral 
or presector pale spots, R45 without a black prebasal spot on 55/58 speci- 
mens, 1A with 3 dark spots except for one specimen, 1A pale fringe spot ab- 
sent in a few cases, Mj,+9 usually without median pale spot and approximately 
30% had the preapical dark palpal band absent. Two years later in his mono- 
graph on Indian anophelines, Christophers (1933) claimed that the best char- 
acters to differentiate aconitus from other members in the series were the 
pale proboscis and the pale fringe spot adjacent to vein 1A tip, and that the 
other wing markings were too variable. He noted that nearly a third of the 
Indian specimens had a dark prebasal dark spot on Ry,5. King (1932) and 
Christophers (1933) also gave some larval variations, the former primarily 
giving ranges of branching on certain setae, while the latter noted that seta 0 
on the abdominal segments was usually at the edge of the tergal plate, but 
occasionally was internal to the posterior border of the plate. Toumanoff 
(1936) made an extensive comparison of wing variations on aconitus and mini- 
mus from Indochina (= Vietnam). His studies were based on several hundred 
wild females of each species and yielded so many wing variations that he con- 
cluded that the pale-scaled proboscis on aconitus was the only reliable charac- 
ter to distinguish the 2 species. 

Several more recent authors (Macan 1948, Wattal et al. 1960, Reid 1968) 
have discussed aconitus variants or the general problem of identifying females 
of this species, but no attempt has been made since Strickland (1924) to analyze 
these variations using adults confirmed by associated immature skins, or by 
using progeny from known wild females. 

Since adult females and larvae are the stages most likely to be collected in 
surveillance programs, these stages received the most attention during my 
search for variations and their frequency. A total of 1,302 females collected 
as adults or reared from 4th-stage larvae were identified as aconitus using 
published keys, then examined to determine the frequencies of 22 different 
variations. These females were collected or reared in Thailand between 
January 1968 and June 1970, and originated from provinces in 3 distinct re- 
gions of Thailand: (South) - 206 specimens from Chumphon, Krabi, Nakhon Si 
Thammarat and Ranong; (Central) - 663 specimens from Lop Buri, Nakhon 
Nayok, Pathum Thani and Sara Buri; and (North) - 433 specimens from Chiang 
Mai. The percentage of reared specimens also varied per region, i.e., 

South (11.4), Central (9.3) and North (59.1). Due to other research obliga- 
tions and logistics the above adults and larvae were collected by irregular 
sampling, thus equivalent seasonal collections were not possible. An addi- 
tional 1,165 female and 860 male progeny from 97 females collected in central 
Thailand (Pathum Thani and Sara Buri) and from 1 female from southern Thai- 
land (Chumphon) were checked for the same characters as the feral adults. 

An examination of these Fj progeny yielded results essentially the same as 
those obtained by Leeson (1940), working on An. funestus in Nyasaland 

(= Malawi), i.e., the wing patterns of F, progeny from a given female parent 
are highly variable and may or may not hens the same pattern or even one 
approximating that of the female parent. Also, a given progeny brood may 
show a very wide spectrum of different wing, proboscis and palpal variations, 
or less commonly, all the members of the brood may be fairly uniform. One 
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very definite trend was detected in the progeny, they were definitely darker, 
based on spotting frequencies, than their parents and central and southern 
Thailand specimens. Their general appearance was often like northern speci- 
mens or even darker. Perhaps this can be attributed to the temperature of 
the water in the immature habitat, i.e., about 25°C in the facilities where the 
progeny were reared. Anopheline larvae, because of their normal horizontal 
body position immediately below the water surface, are normally subjected to 
the highest temperatures (may be as high as 45-50°C) in a given habitat that is 
exposed to sunlight. Culicine larvae, although occupying the same habitat(s), 
normally hang at an angle from the surface and often detach from the surface 
while feeding, thus escaping the high temperatures at or just below the surface. 
Marks (1954) found that a temperature increase in the larval habitat increased 
the amount of white scaling on the culicine mosquito, Aedes pseudoscutellaris 
(Theobald), while the amount of dark scaling increased with a falling tempera- 
ture. Several authors working on anophelines have alluded to the influence of 
seasons on the color patterns observed on adults. Davis (1928) working on 
Nyssorhynchus species in South America, arrived at the conclusion that mel- 
anism was correlated with progressing distance from the equator and particu- 
larly with the seasons, being most prominent during the colder months. Lee- 
son (1930), Gillies (1963) and Service (1964), working separately on members 
of the Funestus Complex in Africa, concluded that the degree of dark/pale 
scaling on certain wing veins was governed by the seasons. Service (1964) 
also showed that melanism on certain veins showed more correlation than 
would be expected if there was no interdependence and the pigment distribution 
was random. Several authors in the colder latitudes of India have noted cold 
weather variants of An. fluviatilis. De Burca and Forshaw (1947) noted in- 
creased frequencies of forked clypeal setae on larvae, and hypermelanic adults 
during the colder winter months. Ramakrishna (1954), Rahman et al. (1960) 
and Wattal et al. (1960) discussed specimens of fluviatilis captured during the 
cool-cold season with an extra dark band on the palpus. This band divides the 
apical pale band and these specimens have 4 pale bands on the palpus instead of 
the 3 pale bands which, in part, characterizes adult females of the Myzomyia 
Series. . 

Table 1 shows the ranges of frequencies for 13 characters selected for 
their past and present importance in differentiating this species. Several of 
the ''diagnostic"’ characters discussed at the beginning of this section, i.e., 
R4+5 without a prebasal dark spot, 1A with 3 dark spots and wing margin 
with pale fringe spot adjacent to 1A tip, had a considerable range in frequency 
among the various regions of Thailand. The absence of pale scales on the pro- 
boscis was also detected on aconitus (progeny with immature skins) for the 
first time. This occurs at a very low frequency. Specimens having this char- 
acter would have been identified, using published keys, as some other species, 
hence the lack of records for this character on wild females. The record of 
filipinae (based on one female) from Nepal (Pradhan and Brydon 1960) probably 
refers to an aconitus specimen with the proboscis dark. Anopheles aconitus is 
recorded from the same district as the filipinae record (Brydon et al. 1961), 
while minimus is not. I consider filipinae confined to the Philippines. In 
this study only a few aconitus (1-3%) had reduced pale scaling on the proboscis, 
however, such specimens could be confused with minimus specimens (6%) hav- 
ing pale scales on the venter of the proboscis. Female aconitus were also seen 
with the distal 0. 60-0. 66 of the proboscis pale, and several specimens had a 
small separate pale spot on the venter of the proboscis, basal to the normal 
pale scaled area. The palpal banding pattern was not surveyed because it was 
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recognized as too variable for taxonomic use. However, approximately 25-30% 
of the feral adults exhibited the palpus entirely pale on the distal third and 
nearly all of the remainder had a narrow preapical dark band. Less than 1% 
(8/1, 302) had a preapical dark band as wide as the preapical pale band. The 
character frequency trends seen in Table 1 suggest a north-south cline in the 
wing patterns of aconitus, Specimens from the south have more and larger pale 
areas on the wings than the more northern specimens. Actually a clinal rela- 
tionship cannot be inferred from these data because the southern and northern 
Specimens were collected during different seasons and under different climatic 
conditions. On the other hand, sufficient data have been published to give the 
picture of aconitus in Indonesia as usually very pale, i.e., with presector pale 
spot on costa, without prebasal dark spot on R4;5, with 3 dark spots on 1A and 
with 1A pale fringe spot, while specimens from India are darker, usually with- 
out a presector spot on the costa, with a dark prebasal spot on R4,5, 1A with 
2 or 3 dark spots, and the 1A fringe spot is frequently absent. Since Thailand 
is intermediate to these 2 extremes, and is nearly 1,400 km long, some clinal 
trends should be detectable. Similar clinal trends involving anopheline leg 
banding patterns have been pointed out by Reid (1968) and Harrison and Scanlon 
(1975). 

The frequency of some additional or unusual wing variations observed on 
wild female aconitus include: Rg without pale median spot - 0.126 (26/206) 
southern specimens, 0.238 (158/663) central specimens and 0.321 (139/433) 
northern specimens; R4,5 almost entirely dark - 0.008 (4/1, 302); Cu without 
basal dark spot - 0.048 (56/1, 302); 1A without prebasal dark spot - 0.014 
(18/1, 302); 1A dark except at base - 0.031 (41/1, 302); R-R, with extensive 
pale scales between subcostal and preapical pale spots - 0.004 (5/1, 302); and 
R with accessory pale spot between sector and subcostal pale spots - 0.002 
(3/1, 302). Most of these variations were also observed on progeny specimens. 

Several characters checked on the progeny were found more frequently on 
males than on females, they were: 1A with 2 dark spots 0.926 (796/860); 

R45 with prebasal dark spot 0.777 (668/860); 1A without pale fringe spot 
0.358 (308/860); and Cu, with one dark spot distal to m-cu crossvein 0.029 
(25/860). One character was found less frequently on male than female pro- 
geny, i.e., costa with pale presector spot 0.005 (4/860). These data show 
that a large proportion of male aconitus may have the same basic wing habitus 
as males of minimus. Thus, males of both species should be identified by 
associated immature skins. 

A number of morphologically deformed variants were found among the wild 
females and adult progeny, but no attempt was made to isolate these traits. 

At least 9 of these variants appear to be equal to variants that have been iso- 
lated and are known to be heritable traits in An. quadrimaculatus Say (Kitz- 
miller and Mason 1967) and/or An. stephensi Liston (Aslamkhan et al. 1972). 
These 90 traits and their recovery rates were: (1) Short palps - 3/1, 302 wild 
females, 43/1, 165 progeny females and 6/860 progeny males; (2) Long palps - 
1/1, 302 wild females and 2/1, 165 progeny females; (3) Wartoid or Warted 
palps - 4/1, 165 progeny females and 15/860 progeny males; (4) Bent or Semi- 
beaked proboscis - numerous female and male progeny; and (5) Beaked pro- 
boscis - 1/860 progeny males. Six additional variants were recovered, of 
which 4 appear identical to or near previously described variants in other spe- 
cies. None of these are currently known to be heritable traits. These 6 
traits are: (1) Anal vein interruption - 11/1, 165 progeny females and 36/860 
progeny males, with previous multiple recoveries in Aedes aegypti (Linnaeus) 
(Vandehey and Craig 1962), An. quadrimaculatus (Kitzmiller and Mason 1967) 
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and An. stephensi (Aslamkhan et al. 1972); (2) ?Unilateral or Uneven palps - 
21/1,165 progeny females, previous multiple recoveries in An. stephensi 
(Aslamkhan et al. 1972); (3) Rg interruption - 1/1,165 progeny females, pre- 
vious multiple recoveries from An. quadrimaculatus (Kitzmiller and Mason 
1967); (4) Mg_.4 interruption - 3/860 progeny males, with previous recoveries 
in 1° An. quadrimaculatus (Kitzmiller and Mason 1967) and 1° An. stephensi 
(Aslamkhan et al. 1972, as ''Mo Interrupted"); (5) M veins fused - 1/860 pro- 
geny males, on one wing, 2 veins totally fused except for small fork just prior 
to wing margin, no previous recoveries; and (6) Bowed tibia - 1/860 progeny 
males, all 6 tibiae strongly curved and bow-shaped, no previous recoveries. 
These variants may have future value as ''markers" for cytogenetic studies. 

Most of the variations detected in pupal characters concerned setal branch- 
ing (see Table 8). However, the general color of aconitus pupae was very vari- 
able, ranging from nearly transparent to dark brown. The darkest specimens 
seemed to originate from still water habitats such as seepage marshes, seep- 
age pools or fallow rice fields. Individual pupae were nearly always a uniform 
color and without a discernible pattern. 

The majority of variation occurring on larvae of aconitus involved setal 
branching (Table 14). One structural variation noted on progeny larvae was a 
slight size reduction in the abdominal anterior tergal plates. Due to this re- 
duction, seta 0 was often lateral and some distance from the edge of the plates, 
instead of adjacent to the edge or on the edge of the plates. Similar reductions 
in plate size have been observed on laboratory reared members of the Funestus 
Complex in Africa (Evans and Symes 1937, Service 1960). To the other ex- 
treme, specimens were observed with seta 0 considerably more mesad on the 
anterior tergal plates. On these specimens seta 0 may occur up to 0.3, but 
rarely more than 0.15 of the distance from the lateral margin to the midline of 
the plate. Such specimens could be confused with varuna and pampanai larvae 
except for the more diagnostic characters used in the key. Seta 4-C on aconi- 
tus characteristically has 2-6 branches from near the base, however, an exam- 
ination of 491 whole larvae and larval skins from northern Thailand (Chiang 
Mai Province) revealed 0.043 (21/491) with 4-C simple on one side and 0.004 
(2/491) with 4-C simple on both sides. Seta 3-T usually has rather slender 
tipped leaflets on aconitus and a few specimens were noted to have these leaf- 
‘ets more blunt as on minimus, but none were found with filamentous leaflets 
as on varuna. Several specimens were found with anomalous setae; these 
include: one specimen with 2 left 1-C; one specimen with left 2-C flattened on 
distal half, with brush tip; one specimen with barbs on 2-C with subbranches; 
one speciisen with barbs on 3-C very stout, long, nearly 0.5 length of main 
stem; and several larvae with 3-C bifid at tip. 

As can be seen, aconitus is extremely variable in Thailand, particularly 
the adult stage. All of the character variations studied appear to be of a con- 
tinuous nature, with intermediate character states commonly observed. The 
examination of 1, 165° and 860° progeny adults with associated immature skins 
yielded no trace of polymorphic characters and confirmed the suspected phene- 
tic plasticity of this species. A comparison of character frequencies on pro- 
geny with those on wild adults and wild larvae, suggests that wing melanism 
and larval plate development may be influenced by ecological factors such as 
water temperature in the larval habitat. Regardless of any laboratory induced 
character changes, wild and progeny immatures, reared under laboratory con- 
ditions, retain the diagnostic characters for the species. Consequently, based 
on the stability of the immature characters, adults are best identified on the 
basis of associated immature skins. For field expedience, a majority of adult 
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females can be identified on the basis of (1) pale scales on distal half of pro- 
boscis, (2) vein 1A with 3 dark spots and (3) 1A with pale fringe spot. The 
proboscis character, as determined by Christophers (1933) and Toumanoff 
(1936), is the best available character for differentiating aconitus females. 

TAXONOMIC DISCUSSION. Anopheles aconitus is the most commonly 
encountered member of the Minimus Group in Thailand, and also possibly the 
most variable. This variation is a major cause of identification problems. 

In southern Thailand it is usually paler than further north and readily identi- 
fied, even though it commonly has presector or humeral pale spots or even 
both on the costa. Furthermore, aconitus may be the only member of this 
group still found in most of southern Thailand. In the large flat rice plains of 
central Thailand, @conitus is still usually distinct. However, specimens are 
collected infrequently, particularly in the foothill areas bordering the rice 
plains, that have vein 1A with 2 dark spots and 1A without apical pale fringe 
spots. These specimens have been confused in the past with minimus that 
have a pale ventral patch on the proboscis, or even varuna with a pale patch 

on the proboscis. Anopheles minimus commonly occurs in these foothill areas, 
but varuna is not known from this region of Thailand. A number of minimus 
variants similar to aconitus also occur in this region, making identifications 
even more complicated. In northern Thailand the identification problem inten- 
sifies with the occurrence of varuna. Both aconitus and minimus are darker 
in the north, particularly during the cool season (November-January), and 
both have variants that appear nearly identical to varuna in this area (Tables 6, 
7). Nearly one-third of the aconitus reared from larvae collected in marginal 
areas of the Chiang Mai valley during November-December 1969 had reduced 
pale scaling on the proboscis and the wings darker than normal. These traits 
also occurred commonly on females collected during that month. These speci- 
mens were frequently almost identical to varuna with a pale patch on the pro- 
boscis, except that the foretarsomeres had narrow apical pale bands or dorsal 
patches, a character not seen on vavuna specimens. Besides, female zvaruna 
often (11/22) have Cu, with one long dark mark beyond the m-cu crossvein, 
while northern Thai aconitus normally (427/433) have 2 dark spots beyond the 
m-cu crossvein on Cu, as does minimus (2,199/2, 264). A number of these 
adults could not be identified with certainty without associated immature skins, 
and since aconitus and minimus are proven vectors of malaria pathogens in 
Thailand and varuna is a proven vector in India, this creates a very serious 
problem of identification. 

Adults of aconitus ought never be confused with jeyporiensis, even ‘hough 
they have a number of similarities: vein 1A with 3 dark spots, 1A with pale 
fringe spot, banded tarsomeres and an accessory pale spot on Rj between the 
subcostal and preapical pale spots. This last character is less common on 
aconitus (2-13%), while it occurred on 95.7% (44/46) of Thai jeyporiensis spe- 
cimens. The basic colors of these 2 species are quite different, with aconitus 
being brown to black and creamy-white while jeyporiensis has a striking pat- 
tern of black and silver-white. Anopheles jeyporiensis also has distinct short 
white scales on the scutum and a black proboscis, 2 characters very different 
from aconitus. 

Normally, aconitus cannot be confused with pampanai, however, an occa- 
sional specimen with 2 dark spots on 1A and without a 1A pale fringe spot may 
also have both humeral and presector pale spots on the costa. Such specimens 
can still be diagnosed as aconitus on the basis of the pale scales on the pro- 
boscis and the lack of a dark scale patch on the remigium apex - R base. 

A number of previous authors have used various palpal banding length 
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relationships as key characters to separate members of the Minimus Group. 
As can be seen in Fig. 6, the palpal banding patterns on aconitus, minimus, 
pampanai and varuna from Thailand overlap and consequently, are unreliable. 

Past workers in Thailand have primarily used the branching of seta 1-V- 
VII to differentiate pupae of aconitus and minimus. This character was found 
unreliable and should not be used to separate these 2 species. Although a@coni- 
tus normally has multiple branching on these setae, i.e., 1-V (2-7), 1-VI 
(2-5) and 1-VII (1-4), minimus can also have multiple branching on them, i.e., 
1-V (1-5), 1-VI (1-3) and 1-VII (1-4). A number of more reliable diagnostic 
characters were found, with the development and position of seta 0 on the 
abdominal segments possibly the best (see key and description). The number 
of branches on seta 1-II (aconitus 8-21, minimus 17-44), 3-II (aconitus 1-4, 
minimus 5-10) and 3-III (aconitus 1-4, minimus 5-11) are also good charac- 
ters. Seta 9-III on aconitus is usually pigmented, short and stout, but unpig- 
mented, long and needle-like on minimus. Reid (1968) noted that seta 9 (later- 
al spine) was usually shorter on aconitus. Measurements during this study 
show that aconitus has 9-IV, 0.19-0.37 the length of segment V, and 9-VII, 
0.38-0.47 the length of segment VII, whereas these measurements for mini- 
mus are 9-IV, 0.35-0.44 of segment V, and 9-VII, 0.50-0.59 of segment VII. 
Two significant paddle characters include: (1) lateral paddle fringe on aconitus 
with short spines gradually changing to relatively short filaments, while on 
minimus the short spines usually change more abruptly into longer filaments; 
and (2) another character detected by Reid (1968) - seta 1-P length (unstraight- 
ened) shorter in relation to paddle length. Data from this study confirm this 
character, with 1-P on aconitus shorter (range 0.20-0.33, mean 0. 26) than 
that on minimus (range 0.27-0.51, mean 0.39). The paddle refractile margin 
is slightly longer on aconitus (0.74-0.90), but that of minimus (0. 63-0. 85) 
broadly overlaps that of aconitus. 

Actually it is more difficult to separate the pupa of aconitus from those of 
pampanai and varuna. In general, aconitus pupae have fewer setal branches 
than pupae of these 2 species. Besides the key characters, aconitus differs 
from pampanai by: (1) seta 10-MP (aconitus simple or bifid, pampanai 2-5 
branches); (2) sum of branches on both setae 6-IV (aconitus 5-9, pampanai 
10-15); (3) paddle refractile margin (aconitus 0.74-0.90, pampanai 0. 66- 
0.76); and (4) paddle lateral spines (in aconitus a gradual change from short 
spines to short filaments, in pampanai an abrupt change from short spines to 
long filaments). In addition to the key characters, pupae of aconitus differ 
from those of varuna by: (1) sum of branches on both setae 6-IV (aconitus 
9-9, varuna 8-13); (2) paddle refractile margin (aconitus 0.74-0.90, varuna 
0. 89-0.96); and (3) paddle lateral spines (aconitus 4.0-8.0 length of spine 
base width and extending 0.60-0.75 of distance from paddle base to seta 1-P, 
varuna (2.0-5.0 length of spine base width and extending 0. 77-0. 88 of distance 
from paddle base to seta 1-P). 

Pupae of aconitus are easily separated from those of culicifacies and jey- 
poriensis by the key characters and branching of setae 4-I, 9-I (length also) and 
1-III-IV. In addition, the paddle fringe will also separate these 3 species: 
aconitus with short sparse fringe mesad of seta 1-P, but not to mesal angle, 
culicifacies fringe not extending mesad of 1-P and jeyporiensis with dark 
distinct fringe mesal to 1-P extending to mesal angle. 

The larva of aconitus may be the stage most differentiated from the other 
members of the Minimus Group. The combination of large anterior tergal 
plates, barbed setae 2,3-C and 4-C with branches is very distinctive. Even 
if the anterior tergal plates were much smaller than normal, aconitus could 
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still be separated from jeyporiensis by the number of barbs on 2,3-C and by 

a simple 1-X on aconitus, while that of jeyporiensis is normally bi- or trifid 
distally. The convex posterior margin of anterior tergal plate II was found 
constant during this study, and that plate invariably enclosed the small median 
posterior tergal plate. This particular trait also seems to be constant on /fili- 
pinae and varuna, Seta 0 on aconitus occupies an intermediate position be- 
tween those species in the Minimus Group with this seta on the anterior tergal 
plate (filipinae, mangyanus, pampanai and varuna) and those with 0 off the 
plate (flavirostris, fluviatilis and minimus). Onaconitus, 0 is usually adja- 
cent to the edge and either barely on or barely off the plate, however, excep- 
tions to this were discussed in the Variations section. Seta 1-I leaflets on 
aconitus are lanceolate without shoulders or with small shoulders, usually a 
mixture of both. This variable trait is also found on culicifacies, filipinae, 
jeyporiensis and mangyanus, while flavirostris, fluviatilis, minimus, pam- 
panai and varuna have 1-I leaflets with distinct shoulders. 

Additional characters, besides those discussed above and in the key, are 
available for distinguishing the larva of aconitus from those of the other mem- 
bers of the Myzomyia Series in Thailand. Like the pupal stage, larvae of 
aconitus generally have fewer setal branches than the other members of the 
Minimus Group. Additional characters to separate larvae of aconitus from 
minimus include: the number of branches on setae 8-C, 2-P, 9-P, 2-I, 5-IV- 
VI, 1,2-S (see chaetotaxy tables); and the development of the most basal bran- 
ches on 2-X (see descriptions). Other characters to separate larval aconitus 
from pampanai include: the number of branches on 2-P, 8-P, 1-M and 8-M; 
anterior tergal plate II convex on aconitus, concave with separate posterior 
tergal plate on pampanai; 1-X length/saddle dorsum (midline) length, 1.44- 
1.81 on aconitus and 1.85-2.05 on pampanai; and development of 2-X basal 
branches, stout and straight on aconitus and slender and curved on pampanai, 
Additional characters to separate aconitus larvae from those of varuna. include: 
the number of branches on 2-P, 8-P, 7-I-II, 13-III, 2-VIII and 2-S; and 1-X 
length/saddle dorsum (midline) length, 1.44-1.81 on aconitus and 1.85-2.16 on 
varuna. : 

The distinctiveness of aconitus in most stages suggests this species repre- 
sents one extreme of the differentiation that has occurred in the Minimus 
Group. An analysis of 18 characters used during this study suggests /frlipinae 
is the most closely related species to aconitus, followed by varuna, flaviros- 
tris, minimus and fluviatilis in that order, with mangyanus and pampanai 
showing the fewest similarities. 

BIONOMICS. Anopheles aconitus is a species that has adjusted very well 
to man's environmental alterations. Accordingly, the widespread distribution 
and general abundance of aconitus is probably due primarily to the spread of 
the human-rice monoculture system in the Orient. Originally aconitus imma- 
tures probably occurred primarily in grassy marshes with slow clear running 
water and along open streams and rivers with grassy margins. Man has great- 
ly expanded these habitats by cutting forests and exposing streams, ditching 
for irrigation and by creating artificial grassy marshes in the form of rice 
fields. This species is now a definite associate of man in much of Asia on 
broad fertile plains, broad valleys, lumbered forest areas and even sparsely 
settled mountainous areas where rice fields occur. In Thailand, aconitus has 
been collected at elevations of 1-700 m and Mangkoewinoto (1919) recorded it 
(as albirostris) up to 853 m in Java. This species has not been reported from 
brackish water, but collections were made during this study along stream mar- 
gins in Chiang Mai Province below hot springs which gave off a moderate sul- 
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phurous odor. The mineral-salt content of this water was not checked. Im- 
matures of aconitus have been collected in the following habitats in Thailand: 
stream margins (major source), rock pools, nipa palm swamp, large pit, 
stream pools, large fresh water swamp, seepage pools or springs, small 
ditches, bog marsh, river margins, ground pools and stream margin below 
hot springs, rice fields (major source), fallow rice fields, pools in dry rice 
fields and from a stream 15 m inside a cave in almost total darkness. This 
variety of habitats closely matches those recorded by Gater and Rajamoney 
(1929) for this species in Malaysia. These authors also collected the species 
from an artificial container, a metal tub at a mining operation. Small slug- 
gish streams with weedy-grassy margins constitute a very important habitat 
for aconitus in Thailand. Larvae of aconitus and minimus are commonly 
found together in this habitat in certain regions. However, in other areas 
where minimus populations are low or have disappeared, aconitus may be the 
only member of the Myzomyia Series present. This is especially true in south- 
ern Thailand, where minimus is now either uncommon or has been eliminated. 

Based on larval distribution and abundance, females are apparently attrac- 
ted to oviposit in more open, less shaded habitats than minimus. However, 
aquatic vegetation of some type, preferably emergent and grassy, partial 
shade, cool water and usually a slow current all seem to be important. Lar- 
vae were found in habitats with all types of vegetation, floating, submerged, 
emergent, dead leaves and sticks, green and brown algae. The largest num- 
bers of larvae appear in the rice fields just prior to the harvest period in both 
Malaysia (Gater and Rajamoney 1929) and Java (Chow et al. 1960). This 
matches data accrued here, as aconitus is most abundant between October and 
February in the central rice plains area of Thailand. The wet monsoon usually 
ends in late November-early December in this region, and the rice harvest 
begins and continues into January. This species was least abundant in this 
region during April-July, coinciding with the last part of the hot-dry monsoon 
and the early part of the wet monsoon. Actually, aconitus adults were collec- 
ted every month of the year in this region. 

Adult female aconitus can be collected by various methods, including hu- 
man bait, bovine bait, window traps (Chow et al. 1960), net traps with animal 
or human bait (Reid 1968), net traps with CO9 (dry ice), light traps (Causey 
1937, Thurman and Thurman 1955), light trap and COs (Parsons et al. 1974) 
and nocturnal or diurnal (Wharton 1950) resting collections. The New Jersey 
light trap was very successful in collecting aconitus in the Chiang Mai area, 
where it constituted 13% (685/5, 273) of a year's anopheline catch (Thurman 
and Thurman 1955). However, during this study live adults were needed for 
colonization, crossing and progeny rearing attempts, so only human and bo- 
vine bait, resting and net trap with COg collections were used. 

Previous studies have shown that aconitus is primarily zoophilic, exophilic 
and exophagic in Java (Chow et al. 1960) and Malaysia (Wharton 1953, Reid 
1968). Data from Pathum Thani Province show that during November 1966 and 
January-March 1967 when aconitus females were offered a choice between hu- 
man baits inside or outside houses, they selected the outside bait at a 8. 34:1 
ratio (1409:169) (Gould and Rutledge 1967). Additional data from nearly the 
same area in 1968-70, based on 500.7 man-hours of collecting and 1, 262 speci- 
mens, yielded 2.72 aconitus/man-hr on human bait outside, 0.63/man-hr on 
human bait inside and 0.73/man-hr resting inside (at night). Excluding the 
resting data, this results in a choice of the outside bait at a 4.32:1 ratio. As 
expected, collections from bovine baits were found much more efficient for 
collecting aconitus than those from human baits. A total of 1,847 aconitus 
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were collected from bovines at the rate of 4.49/man-hr, while human bait 
attracted 1, 802 at the rate of 0.92/man-hr. This means 4.88 aconitus were 
collected on bovines for each specimen taken on human bait. Comparative 
studies of the efficiency of bovine and human baits for aconitus were conducted 
at 2 localities in Sara Buri Province using the same times, places and 
weather, but often with different numbers of collectors (Table 2). Based on 
mosquitoes/man-hr, aconitus was most commonly collected from bovines at 
an 8.1:1 bovine:human ratio. The majority of aconitus adults were collected 
between 1900-2200 h. Very few collections were made beyond 2400 h, thus no 
comparison can be made with Chow et al. (1960) who found most of the feed- 
ing on man outdoors took place before 2400 h, while on cattle in sheds, be- 
tween 2400-0600 h. 

Evidence of the life span of feral aconitus in Thailand is inconclusive. 
Limited parity dissections were conducted in 2 areas in 1968-69. In Pathum 
Thani Province, where aconitus was incriminated (by dissection) as a vector 
of malaria parasites (Gould et al. 1967), only 0.211 (12/57) females were 
parous. However, a population sampled in Buriram Province, in March 1969 
exhibited a relatively high parity rate, 0.657 (44/67). Of the 44 parous fe- 
males in Buriram, 32 were gravid. Both the Pathum Thani and Buriram 
populations were exposed to a DDT house-spray program. 

A check of 55 nulliparous females to see if the spermatheca contained 
sperm revealed 0.95 (52/55) fertilized. Thereafter wild females were pre- 
sumed to be fertilized when brought into the laboratory for oviposition attempts. 

Anopheles aconitus is susceptible to DDT and dieldrin except in Java and 
eastern Sumatra where it is considered the primary vector of human malaria 
parasites. Resistance to dieldrin in aconitus was first detected in Java in 
1959-60, followed by resistance to DDT in 1962-63 (Soerono et al. 1965). 
Dieldrin resistance was detected in widely separated areas across Java and the 
eastern tip of Sumatra, while DDT resistance was confined to the central por- 
tion of Java. Central Javan populations were resistant to both insecticides. 
The records of dieldrin resistance included one area of eastern Java where 
agricultural use of insecticides apparently caused resistance (Soerono et al. 
1965). In more recent reports, Brown and Pal (1971) have essentially repeated 
the report of Soerono et al. (1965). Harinasuta et al. (1976) indicated the DDT 
resistance is spreading into eastern Java. 

Anopheles aconitus apparently has not been tested for insecticide (DDT) 
resistance in Thailand, where it is considered a vector in the central rice 
plains area. 

Colonization of aconitus was attempted and a low level colony was estab- 
lished and maintained between 1968-70 using forced mating (Ow Yang et al. 
1963). Rearing techniques differed only slightly from those described by Wil- 
kinson et al. (1974). This colony was used primarily to produce adults for 
hybridization studies. Limited data from this project show that the oviposition 
frequency from artificially inseminated females was only 0.20, and the hatch 
frequency for eggs was 0.48. These figures are not too different from data 
obtained from the wild females isolated for progeny studies. Of 1,799 wild 
females allowed to blood-feed and isolated in oviposition vials only 0.14 (258) 
oviposited, producing 18,185 eggs for a mean of 70.48 eggs/female. The 
hatch frequency for the eggs was 0.68 (12,278). The time involved in egg 
hatch averaged 2.83 days for 760 eggs kept inside at + 25° C. 

Only a few instances of parasitism of aconitus have been recorded. 
Iyengar (1935, 1962) discovered the fungus, Coelomomyces indicus Iyengar, 
in larvae of several species including aconitus, in Bengal, India. A single 
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aconitus larva from Ayutthaya Province was found infected with C. indicus 
during this study. This identification was confirmed by Dr. J. N. Couch, 
University of North Carolina, Chapel Hill. Jones (1950) found a very heavy 
infection of trematode mesocercariae in the thorax of 68% of sampled aconitus 
larvae in Sri Lanka. This parasite was named Cercaria anophelini Jones, 
and the mosquito larvae were presumed to be a 2nd intermediate host for the 
adult trematode. A number of larval hydrachnids were found attached to the 
intersegmental areas on adult aconitus, but no attempt was made to identify 
them. Ratanaworabhan (1975) recorded Culicoides (Trithecoides) anophelis 
Edwards, on blood engorged aconitus females in Chiang Mai Province. This 
biting-gnat is renowned for obtaining a meal through the abdominal conjuncti- 
vae of mosquitoes (Das Gupta 1964). 

A complete discussion of crossing experiments between aconitus and 
minimus is found in the Hybridization Experiments section. 


ANOPHELES (CELLIA) CULICIFACIES GILES 
(Figures 2, 4-6, 10-12; Tables 3, 9, 15) 


Anopheles culicifacies Giles 1901: 197 (%, £); Liston 1901: 365 (2*); Giles 
1902: 317 (*, 2*); Theobald 1902b: 379 (2, tax., S-type = turkhudi 
Liston); James 1902: 33 (A*, L*, tax., distr., biol.); Christophers 
1915: 392 (% genitalia*); Barnes 1923a: 122 (distr.); Anigstein 1932: 
269 (distr. ). 

Anopheles listoni Giles 1901: 197 (%, 2) [senior primary homonym (Aug. ) 
of listonii Liston 1901: 365 (Oct.)]; Giles 1902: 319 (o*, 2*); Theobald 
1902b: 377 (C, &, = culicifacies); James 1902: 33 (as listonii, ? = 
culicifacies); Christophers 1916: 457 (tax., = culicifacies). 

Anopheles indica Theobald 1901: 183 (¢); James 1902: 33 (? = culicifacies); 
Theobald 1902b: 377 (f, name emend. to indicus, = culicifacies). 

Myzomyia culicifacies Giles, Theobald 1903: 39 (¥, L*, E*, tax.). 

Myzomyia culicifacies var. punjabensis James 19l1la, im James and 
Liston 1911: 72 (A*); Christophers 1916: 463 (= pigment anomaly). 

Anopheles culicifacies adenensis Christophers 1924b: 296 (A, as variety); 
Christophers 1924a: 47 (tax., as var.); Evans 1938: 172 (¢*, ¢&*, P, 
L*, EB, tax., distr., as var.); de Meillon 1947; 99 (C*, <*, P*, L*, 
distr., to species status); Mattingly and Knight 1956: 93 (tax., to sub- 
species status); Stone, Knight and Starcke 1959: 41 (tax., as ssp.); 
Gillies and de Meillon 1968: 104 (“*, °*, P, L*, tax., as ssp.); 
Knight and Stone 1977: 37 (tax., as ssp.). [NEW SYNONYMY]. 

Anopheles (Myzomyia) culicifacies Giles, Christophers 1924a: 46 (tax. ); 
Sinton and Covell 1927: 305 (cibarium*); Puri 1928b: 522 (L*); 
Christophers and Barraud 1931: 182 (E*); Puri 1931: 141 (L*); 

Senevet 1931: 66 JP*); Edwards 1932: 50 (tax.); Christophers 1933: 197 
(¢* 2* P, U*, EH, tax., distr., biol. ); D'’Abrera 1944: 352 (E*); 
Bonne-Wepster and Swellengrebel 1953: 383 (o*, 2*, L*, biol.); 
Khin-Maung-Kyi 1971: 473 (distr., biol. ). 

Anopheles (Cellia) culicifacies Giles, Stone, Knight and Starcke 1959: 40 
(tax. ); Peyton and Scanlon 1966: 1 (¢*, key); Scanlon, Peyton and Gould 
1968: 20 (checklist); Reid 1968: 311 (distr.); Aslamkhan and Baker 1969: 
1 (Karyotype*); Rattanarithikul and Harrison 1973: 2 (L*, key); Knight 
and Stone 1977: 37 (tax. ); Saifuddin, Baker and Sakai 1978: 235 (chromo- 
somes*). 
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Of the 6 species of the Myzomyia Series that occur in Thailand, this is the 
easiest to identify. The adults can be identified by palpal banding, the dark 
remigium - R base and the dark vein Ryg,5. The adults also have an unusual 
behavior trait that is useful in identification, i.e., they rest with the body 
horizontal to the surface like culicine mosquitoes, instead of perpendicular 
as most other anophelines. The pupa is very distinct for the series and is 
easily identified by the key characters. The 4th stage larvae are readily 
identified by the small anterior tergal plates, the median plate of the spiracu- 
lar apparatus and the setal characters in the key. Additional characters of use 
are the small submedian plates on the abdominal segments and the simple seta 
8-C. This species is like aconitus except for: 

FEMALE (Figs. 2, 4-6, 10, Table 3). Head. Interocular space with 2 
long brown setae near top, several long pale setae near bottom, short pale 
ocular scales laterally, without long pale scales forming frontal tuft; pedicel 
integument dark gray or brown, with several minute setae in dorsomesal and 
ventrolateral patches; flagellomere 1 with pale gray scales, remaining flagello- 
meres without scales; proboscis long with small brown decumbent scales; la- 
bellum nearly bare, paler than labium; forefemur/proboscis ratio 0. 82-0. 87, 
0.84 mean (10 females); palpus slender, slightly shorter than proboscis, with 
decumbent scales; palpus with 3 pale bands, narrow basal band at segmental 
_ joint 2,3, narrow median band at segmental joint 3,4, apical band widest, in- 
cluding extreme tip of segment 4 and entire segment 5; palpal preapical dark 
band wider than either subapical or apical pale bands. Thorax. Integument 
light gray or tan, with darker longitudinal acrostichal line; anterior promon- 
tory with long slender erect pale scales, shorter pale scales at apices of dor- 
socentral setal rows; scutum with short curved seta-like pale scales between 
dorsocentral setal rows back to prescutellar bare space; fossa without scales; 
scutal setae long, dark brown, in acrostichal, dorsocentral, lateral prescutal, 
fossal, antealar and supraalar groups; prescutellar space bare; scutellum with 
- anterior row of short dark setae, posterior row of long dark setae; pleural 
setae: 1,2 propleural, 0-2 spiracular, 3,4 prealar, 2-5 upper and 2-5 lower 
sternopleural, 5-15 upper and 0 lower mesepimeral. Wing. Color pattern 
variable (see Variations section), common pattern follows. Costa with humeral, 
presector, sector, subcostal and preapical pale spots; remigium dark scaled 
or with patch of pale scales; humeral crossvein bare; vein R with base dark, 
usually with pale presector spot, with sector pale spot, R , dark except vari- 
able subcostal, preapical and apical pale spots; Rs - Ro,9 dark except small 
pale spots at origin and R9,3 fork; Ro dark except small pale spots at origin and 
apex, infrequently with small median pale spot; Rg dark except small pale spot 
at origin; R4:5 base with small pale spot, remainder dark, infrequently with 
small median pale spot or pale apex; M dark-scaled except small pale spot at 
m-cu crossvein and M fork; M 49 base with small pale spot, remainder dark, 
infrequently apex with pale scales; M3,4 dark except small pale spot at base and 
apex; Cu dark except small pale spot midway to fork, base rarely pale; Cu fork 
dark-scaled; Cuy dark except small pale spot at m-cu crossvein and apex; Cug 
base dark, with pale spot on basal half, apical 0.4-0.5 dark, rarely with pale 
apex; 1A dark except pale origin and small pale spot just before midpoint; api- 
cal pale fringe spot starting just above apex of Rj, length variable, extending 
to just below Rg, or only to just below Ry; additional pale fringe spots often 
present at apices of M34 and Cuy, less frequently at apices of R4,5, My.9 
and Cu; hind margin of wing basal to 1A apex without pale fringe spot. Legs. 
Integument pale; upper midcoxa with 2-4 setae; forefemur not swollen on basal 
half; femora, tibiae and tarsomeres long, slender with brown scales; tibiae 
apices may appear paler, tarsomeres without pale bands or patches. Abdomen. 
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Unicolorous dark brown or gray with brown setae, without scales. 

MALES (Fig. 10). Head, Antennal flagellomere 1 with pale gray scales 
on mesal surface; forefemur/proboscis ratio 0.62-0.75, 0.66 mean (10 
males); palpus with narrow pale bands at apex of segments 3-5. Thorax. 
Pleural setae: 2,3 upper and 2,3 lower sternopleural, 4-8 upper mesepi- 
meral; pale seta-like scales on scutum not developed as on female, usually 
confined to cephalic half of scutum. Wing. Veins generally darker than 
those of female; costa with large humeral pale spot, usually without presector 
pale spot; 1A often appearing entirely dark; pale fringe spots usually present. 
Genitalia, Basimere often with narrow, brown scales laterally and ventrally 
on basal 0.33, with 5 parabasal spines; claspette with long apical seta approxi- 
mately equal length of lateral club, shorter seta between apical seta and club; 
club (rarely 2 on each side) fused from 2-4 basal stems; aedeagus with 5, 6 
(rarely 4) or more leaflets on each side of tip; largest 3,4 leaflets with serrate 
edge on one side; tergum IX lightly sclerotized with rounded lateral lobes, 
covered with small spicules; proctiger membranous, cone-shaped without 
spicules, with parallel longitudinal wrinkles. 

PUPA (Fig. 11, Table 9). Integument clear to tan, with patches of brown 
pigment on cephalothorax, metanotal plate and anterior lateral corners of 
segment 1 on darker specimens; coxa-trochanter cases particularly dark on 
mesal surfaces. Cephalothorax, Wing cases without distinct lines on veins, 
may have brown longitudinal stripes. Trumpet. Usually pale color, often 
paler than brown areas on cephalothorax on darker specimens, meatus 0. 20- 
0.27 length of trumpet. Metanotal Plate. Seta 13-MP usually absent; if 
present simple or bifid. Abdomen. Seta 0-II-VII small, simple or bifid, 
mesad and usually cephalad of 2-II-VI; 9-IV-VII dark, long, usually cylin- 
drical instead of flattened; 4-I with 2-5 branches; 9-I usually simple, rarely 
bifid, shorter than segment I; 1-II with 8-13 branches; 2-II with 5-8 branches; 
1-III with 5-8 branches; 2-III with 5-9 branches; 4-III with 4-8 branches; 0-III 
with 6-8 branches; 7-III, 1-5 branches; 9-III small, usually pigmented, 
slender, 0.13-0.19 length of 9-IV; 1-IV with 3-7 branches; 4-IV with 3-6 
branches; 7-IV, 1-4 branches; 9-IV, 0.37-0. 54 length of segment V, 0.70- 
0.93 length of 9-V; 1-V simple; 4-V with 3-5 branches; 9-V, 0. 53-0. 68 
length of segment V, 0. 68-0.91 length of 9-VII; 1-VI longer than segment, 
simple; 2-VI with 3-5 branches; 4-VI, 1-3 branches; 5-VI with 3-5 branches; 
7-VI simple, shorter, 0.38-0.71 length of segment VI; 9-VI, 0. 89-1. 00 
length of 9-VII, 0.60-0.69 length of segment VI; 1-VII longer than segment, 
simple; 2-VII with 3-5 branches; 4-VII simple or bifid; 5-VI with 2-4 bran- 
ches; 7-VII simple, shorter, 0.51-0.65 length of segment VII; 9-VII, 0.60- 
0.69 length of segment VII; 9-VIII with 14-19 branches arising from central 
stem; posterolateral angles of segment IX over paddle base more acute. 
Paddle. Refractile margin long, 0.78-0.96 of distance from base to seta 
1-P; paddle 1. 38-1. 53 as long as wide; lateral fringe changing gradually from 
long spines to slender filaments at 0.75-0.90 of distance from base to seta 
1-P; paddle fringe not extending mesad of seta 1-P; 1-P, 0.22-0.38 length of 
paddle. 

LARVA (Fig. 12, Table 15). Tan to yellow-brown, without discernible 
color pattern. Head, Color as for body, with variable pattern of dark trans- 
verse and longitudinal lines on frontoclypeus ranging from anteriorly directed 
fork to spots to no pattern; antenna white to pale yellow, paler than head, 
long, slender, usually 6.50-7.67 as long as widest point, with short pale 
spicules on mesal and ventral surfaces; seta 1-A short, simple, inserted 
on outer dorsal aspect, 0.35-0.39 from base; 2-C long, simple; 3-C simple, 
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0. 60-0. 75 length of 2-C; 4-C simple, near length of 3-C, extending cephalad 
beyond bases of 2-C; 5-C much longer than 6,7-C; 8-C simple. Thovax. 
Without small submedian plates on dorsum of thorax; sclerotized bases of 
setae 1, 2-P separated, infrequently narrowly connected; 1-P with 16-25 branches; 
2-P with 9-14 branches; 9-P with 6-13 branches; 10, 12-P very long, simple; 
11-P short with 2-5 branches; 13-P with 4-6 thin tapered branches; 1-M with 
24-30 branches; 9,10-M very long, simple; 12-M short, simple or bifid; 3-T 
with thick long stalk about 0.33 length of seta and 5-10 lanceolate leaflets with 
sharp filamentous tips; 9-T long, with 4-14 branches; 10-T long, simple. 
Abdomen. Anterior tergal plates on II-VII small, usually no more than 0.25 
width of segments; posterior tergal plates present on IIJI-VII, separate from 
anterior tergal plates; small oval submedian plates present on I-VII; seta 0- 
II-VIII small, simple or bifid, arising posterolaterad of anterior tergal plate 
and cephalad of seta 2 (except on VIII); 1-I with narrow lanceolate leaflets with 
long filamentous tips, leaflets with or without shoulders, or mixed; 1-II leaf- 
lets usually with shoulders, occasionally all lanceolate without shoulders; 1- 
IiI-VII with unicolorous light brown leaflets, distinct shoulders, long filaments; 
1-II with 14-18 leaflets; 1-III with 15-21 leaflets; 6-IV with 3, 4 branches; 
13-IV with 3-5 branches; 6-V with 3,4 branches; 13-V with 3-5 branches; 1-VI 
with 13-22 leaflets; 1-VII with 12-20 leaflets; 2-VII with 4-8 branches; pecten 
plate with 3-5 long and 9-13 short teeth; 2-S with 6-9 branches; apex of median 
plate sharp pointed, but without separate lateral arms; seta 1-X simple, long, 
1.30-1.63 dorsal length of saddle; 2-X with 14-19 branches, most basal bran- 
ches long, with very fine, sinuous tapering tips, distal branches long, with 
very fine tapering tips, tips minutely hooked under high magnification. 

EGG. Following description from Christophers (1933). 'Whaleback- 
shaped. Upper surface about 1/3 width of egg, elongate oval or slightly 
hourglass-shaped. Ventral surface unornamented. Floats not touching margin 
of upper surface, occupying a little less than the middle 2/3 of the egg-length, 
and extending to about an equal distance from the two ends of the egg. Float- 
ridges about 15-18, moderately smooth and regular, and not crested as in 
A, fluviatilis; float-terminations rather large, rounded, somewhat flattened. 
Frill moderately broad, extending all round margin of upper surface, and 
striated throughout.'' D'Abrera (1944) described several variations from the 
above description. Other publications dealing with culicifacies eggs include 
Christophers and Barraud (1931) and Sweet and Rao (1938). 

TYPE-DATA. The syntypes (1° and 12) of culicifacies are deposited in 
the BMNH. Theobald (1902b) pointed out that the “ syntype was actually 
turkhudi Liston, instead of culicifacies. Subsequent authors have agreed with 
this identification, and I confirmed it by examining the “ syntype in 1972. 
Accordingly, to avoid possible confusion in the future, I here designate the ? 
syntype as the lectotype for culicifacies. The lectotype has the following label 
data: (1st label - underside of cardboard minuten stage) - "Hoshangabad, 
D---- b----- [illegible], Feb. 21, 1901;' (2nd label) - "India, Col. Giles;" 
and (3rd label) - "Anopheles culicifacies (Type) Giles.'"' The lectotype is in 
fair condition, with the left wing, both hindlegs and the right foreleg missing. 
Some characters worthy of mention are: palpus with wide preapical dark band; 
scutum with narrow pale scales back to prescutellar area; pleural setae: - 1 
propleural, 1,2 spiracular, 3,4 upper and 2-4 lower sternopleural, 7,8 upper 
and 0 lower mesepimeral, 4 prealars; coxae without scales, with 2,3 upper 
midcoxal setae; right wing-costa with humeral pale spot, without presector 
pale spot, remigium and R-base dark scaled, R4,5 dark scaled except at base 
and apex, Cuz with one dark mark beyond m-cu crossvein, wing fringe possibly 
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with faint pale spots adjacent to tips of veins M34 and Cuy (uncertain because 
fringe is rubbed and has scales missing). There are 2 other specimens (¢ 
and 2) from the same locality and date as the lectotype, however, these are 
not considered syntypes because they are not labeled 'India, Col. Giles."' 

The syntypes of listoni are also inthe BMNH. Giles (1901) did not men- 
tion the number of specimens involved in the description, but both “, 2 parts 
were described. Two specimens (% and 2) are here considered syntypes, and 
have identical labels: (1st label) - "Ellichpur, Barars, Jan. 1901, Lt. Glen 
Liston;'' and (2nd label) - "Anopheles Listoni, Type, G. M. Giles."' The fe- 
male which is in excellent condition is here designated lectotype. The lecto- 
type is nearly identical to the lectotype of culicifacies and only differs in 
minor points: costa humeral pale spot larger, apical pale fringe spot on left 
wing extends down to Rg and wing margin on both wings with pale fringe spot 
adjacent to tip of Cuz. An examination of this specimen (% also) confirms 
that listoni Giles is an obvious synonym of culicifacies. 

Theobald (1901) described indica based ona single female. This speci- 
men (holotype) is in the BMNH and is in fair-good condition, with the right 
midleg and 2 hindlegs missing. The holotype has the following label data: 
(1st label - underside of cardboard minuten stage) - ''madras, in house, 
9-12-99, GC |illegible, possibly Cornwall's initials];"' (2nd label) - ''Capt. 
Cornwall, Madras;"' and (3rd label) - "Indica, Type, Theo."' This specimen 
is very similar to the lectotype of culicifacies and only differs by having: 
costa with presector pale spot (both wings) in addition to humeral spot, apical 
fringe spot on right wing extending down to Ro and left wing margin without 
pale fringe spots at Mg,4 and Cuy. My examination of this specimen reiter- 
ates that indica Theobald is an obvious synonym of culicifacies. 

James (1911a) described var. punjabensis, on the basis of the reduced 
preapical (4th) dark spot on the wing costa. In the original description sever- 
al specimens were mentioned and one specimen was described as entirely 
lacking the preapical dark spot. This last specimen, a female, may be the 
only surviving specimen from the original description and is currently in the 
BMNH. Possibly other specimens still exist in Indian depositories, thus, the 
BMNH specimen should retain its syntype status for the time being. This 
specimen has the following label data: (1st label) - ''culicifacies variety 
punjabensis;"' and (2nd label) - 'B. M., 1924-277.'' The pin also has a BMNH 
"Type" label on it, but that does not mean it is the holotype, since the early 
BMNH personnel also put ''Type"' labels on all syntypes. This specimen is in 
poor condition, with the head (including palps and proboscis) glued to the 
cardboard minuten stage, the legs and wing on the left side missing and the 
remainder glued to the base of the minuten. This specimen is obviously an 
aberrant culicifacies, as pointed out by Christophers (1916 = as pigment 
anomaly). The wing has the following characters of interest: base of costa 
with only humeral pale spot, without presector spot; remigium with few pale 
scales on distal half; base of R dark-scaled; and hind margin of wing without 
pale fringe spots. The wing is identical to many specimens of culicifacies I 
have seen except for the extensive pale scaling on the distal half of the costa 
and on Rj. 

Christophers (1924b) described variety adenensis and supposedly deposited 
a type S, type 2? and paratypes in the BMNH. However, only 1° and 1¢ (both 
labeled "'type'') are currently in the BMNH. Iam considering these 2 speci- 
mens as syntypes and here designate the $ as lectotype. The lectotype is in 
excellent condition and has the following labels: (1st label) - "A. culicifacies 
var. adenensis Type? S. R. C. 23.4.24;"' (2nd label) - 'Daral Amir, Aden 
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Hinterland, Coll. Khazan Chand, Bred from larvae collected in well 8.7. 14;"' 
and (3rd label) - '"B. M. 1924.277.'"' This nominal taxon has existed under 
varying status, having risen from a variety to species and then reduced to 
subspecies, its most recent status (Knight and Stone 1977). The variety was 
originally established because the costa had broader pale spots than Indian 
culicifacies, however, variety punjabensis has extremely wide pale costal spots 
and was originally based on more than one specimen. De Meillon (1947) ele- 
vated adenensis to species status, but specimens with intermediate characters 
from Socotra (Leeson and Theodor 1948) cast doubt on this action. Mattingly 
and Knight (1956) reduced adenensis to subspecies status on the basis that it 
was a geographical representative and might overlap with the nominate sub- 
species in Oman. More recently, Gillies and de Meillon (1968) retained it as 
a subspecies and noted that a pale fringe spot at the apex of Cug, when present, 
will distinguish adults of subspecies adenensis from the nominate subspecies. 
They also said the larva of adenensis was distinct because it had seta 1-I leaf- 
lets without shoulders and 1-II leaflets infrequently with shoulders. However, 
some adults of culicifacies from Thailand have fringe spots at Cup and wide 
pale spots on the costa. Thai larvae do occur with 1-I leaflets with or without 
shoulders; usually a mixture. Seta 1-II leaflets on Thai larvae nearly always 
have shoulders. Larval skins from Hodeidah, Yemen (K. L. Knight, collector) 
had most 1-I leaflets narrow and without shoulders, however, a few leaflets 
did have small shoulders. I also found one Thai culicifacies larva with one 

of the long mesopleural setae distally split on each side. This character was 
illustrated by de Meillon (1947) for adenensis, but not seen by Mattingly and 
Knight (1956). The larval head pigmentation patterns that Leeson (1948) used 
to separate culicifacies from adenensis in Oman are not valid. Both patterns 
seen by Leeson plus intermediates and heads without a pigmented pattern are 
commonly encountered on Thailand larvae. The adults for the Hodeidah, 
Yemen larval skins were also examined and found to be typical culicifacies. 
Based on an examination of the type-specimens and finding adenensis-like char- 
acters on some Thailand specimens, adenensis is placed in synonymy under 
culicifacies, The specimens of culicifacies from the Arabian Peninsula or 
Eritrea do not exhibit characters consistently distinct from those on more 
eastern culicifacies and thus, should be considered nothing more than variants. 
Specimens of culicifacies living in this region are existing near the edge of 
this species' distribution, and must exist under very rigid selection pressure 
in less than optimum conditions. 

DISTRIBUTION (Fig. 11). The distribution for culicifacies is not typical 
for Oriental Myzomyia species and is comparable only to that of fluviatilis. 
Apparently culicifacies is a temporary pool mosquito, hence its wide distribu- 
tion from Ethiopia (Eritrea) across the dry Middle East to Vietnam. Even in 
the more humid eastern end of its range it is found only in those sections of 
the countries having distinct wet and dry monsoon seasons. A more concise 
description of the distribution of culicifacies follows: AFGHANISTAN; BAH- 
RAIN; BANGLADESH; BURMA; ETHIOPIA (Eritrea); INDIA; IRAN; IRAQ; 
LAOS; NEPAL; OMAN; PAKISTAN; PEOPLE'S DEMOCRATIC REPUBLIC OF 
YEMEN (includes Socotra); PEOPLE'S REPUBLIC OF CHINA (Yunnan); SRI 
LANKA; THAILAND; UNITED ARAB EMIRATES; VIETNAM; and YEMEN ARAB 
REPUBLIC. This species is ubiquitous in India, but further east it has a more 
restricted distribution. It has been found only in the northern half of Burma, 
Thailand, Laos and Vietnam and the southern part of Yunnan Province (P. R. 
China). In this region it is primarily found in broad mountain valleys where it 
commonly occurs along the margins of small streams and in pools in dry river 
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beds during the dry season. 

Scanlon, Peyton and Gould (1968) recorded this species from only 6 pro- 
vinces of Thailand. They omitted records of culicifacies from 6 other pro- 
vinces listed by Anigstein (1932). I concur in this action, as there is obvious 
confusion in the Anigstein records between his culicifacies, listoni and mini- 
mus. Anigstein does not identify the author of his 'Zistoni"', which could be 
listoni Giles = culicifacies, but more likely applies to listonii Liston = fluvi- 
atilis. If the latter is true, he readily separated the larvae of fluviatilis 
(= listonii) from those of minimus, although in 1932, differentiating characters 
were unpublished. Besides, the record of fluviatilis in Thailand is currently 
suspect. It is interesting to note that Anigstein (1932) collected aconitus and 
culicifacies, but not minimus in Tung Song, Nakhon Si Thammarat, while 
Payung-Vejjasastra (1935) incriminated minimus as the vector of human 
malaria parasites in Tung Song just 3 years later and did not record culici- 
facies. Personal collecting in the vicinity of Tung Song in 1969 yielded only 
aconitus. Accordingly, I am not accepting the records of culicifacies from 
Nakhon Si Thammarat or Sara Buri (as Tap Quang). No specimens of culi- 
cifacies from Sara Buri Province were found in the Regional National Malaria 
Eradication Office in Phra Phutthabat, Sara Buri and repeated collections in 
the Thap Kwang (= Tap Quang) area during this study yielded only a@conitus 
and most commonly minimus. Anigstein (1932) did not record minimus from 
this locality, only listoni and culicifacies, further evidence suggesting an 
erroneous identification. Several of Anigstein's northern Thailand records 
were confirmed by D. C. and E. B. Thurman during the 1950's. Fortunately 
the Thurman material was deposited in the USNM and available for study. 
Specimens of culicifacies were examined from 4 provinces in addition to those 
recorded by Scanlon, Peyton and Gould (1968). I consider the following pro- 
vince records valid for culicifacies in THAILAND; Ayutthaya, Chiang Mai, 
Chiang Rai, Chon Buri, Kanchanaburi, Lampang, Lamphun, Mae Hong Son, 
Nan and Tak. Interesting circumstances surround the Ayutthaya record, 
where larvae were found only in 1963, between teak logs in large rafts on the 
Chao Phrya River. The logs had floated down (in rafts) from the northwestern 
provinces and had apparently transported the culicifacies from that area. 
Repeated subsequent collections in that locality and adjacent localities of 
Ayutthaya failed to find additional specimens of culicifacies. The initial 
record of culicifacies from Kanchanaburi came from de Fluiter (1948), who 
recorded it from the Chungkai prisoner-of-war camp during World War II. 
This camp site was apparently near the Mae Klong river ina relatively flat 
valley area. There are no preserved specimens from that period, however, 
in February 1978, I collected culicifacies larvae along the margin of the Mae 
Klong river, just 12 km west of the town of Kanchanaburi. Numerous speci- 
mens (Thurman collection) are in the USNM from adjacent Tak Province. No 
specimens are apparently available to support the Chon Buri record, hence, 
that record is accepted here on a questionable basis. The extensive study by 
Scanlon and Sandhinand (1965) in the Khao Mai Kaeo area of Chon Buri did not 
record culicifacies. The southeastern corner of Thailand adjacent to Chon 
Buri has a more Malaysian weather pattern with extensive rainfall and tropical 
wet forests, which apparently is not favorable for culicifacies. Of possible 
significance, culicifacies has not been recorded due east of this area in Cam- 
bodia (Harrison and Klein 1975), but has been recorded in Vietnam south of 
the 17th parallel by Stage (1958), Do-Van-Quy and Tran-Van-Mau (1971) and 
Grothaus et al. (1971). These southern Vietnam records are all associated 
with mountains which extend into Vietnam from Laos, but do not extend across 
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Cambodia from Thailand. 

The distribution of culicifacies in Burma is depicted by Khin-Maung-Kyi 
(1971). This species has not been recorded from as far south in Burma as in 
Thailand (Kanchanaburi and Tak provinces). 

A total of 940 culicifacies specimens were examined during this study 
(1760, 2452, 139 larvae, 132 larval and 248 pupal skins). Specimens examined 
from Thailand include 149°, 208, 130 larvae, 102 larval and 239 pupal skins. 
Additional specimens (27°, 372, 13 larvae, 9 larval and 9 pupal skins) were 
examined from the following countries: BURMA; ETHIOPIA; INDIA (includes 
the type-specimens of culicifacies, listoni, indica and var. punjabensis in the 
BMNH); IRAN; NEPAL; PAKISTAN; PEOPLE'S DEMOCRATIC REPUBLIC OF 
YEMEN (includes the type-specimens of variety adenensis in the BMNH); SRI 
LANKA; YEMEN ARAB REPUBLIC. 

VARIATIONS (Fig. 2; Tables 3, 9, 15). Adult females of culicifacies were 
found to be considerably more variable than previously suspected. Based on 
earlier publications (Christophers 1933, Peyton and Scanlon 1966), the wing of 
this species has typically been illustrated with the costa having a large humeral 
pale spot, but without a presector pale spot and the hind margin of the wing 
with pale fringe spots only at M3i4 and Cuy. As can be seen in Table 3, wings 
of the Thailand specimens often did not agree with that pattern. Thai speci- 

- mens usually had humeral and presector pale spots on the costa and only Cuy 
usually had a pale fringe spot, while pale fringe spots infrequently occurred at 
the apices of other veins. Specimens without pale fringe spots on the hind mar- 
gin of the wing were not uncommon. As discussed previously (Type-data), a 
pale fringe spot at Cug was considered diagnostic for subspecies adenensis by 
Gillies and de Meillon (1968), however, over 7% of the Thai specimens had this 
spot. Several specimens had pale fringe spots at My,9, Mg3,4, Cu, and Cug 
which made them appear very similar to sergentii (p. 62). However, the 
latter species does not have the remigium - R base with black scales, as does 
_ culicifacies. While the remigium was nearly always entirely dark-scaled on 
Thai specimens, a patch of pale scales on the median or distal portions of the 
remigium was more common on specimens from Iran and the Yemen Arab 
Republic. The western specimens usually had more conspicuous pale scales 
on the scutum, however, individuals were seen fromThailand that compared 
with the Yemeni and Iranian specimens. The number of upper mesepimeral 
setae was also found highly variable, ranging from 9-15. One specimen from 
Yemen Arab Republic had 15 of these setae, but since several specimens from 
Thailand had 12,13, this was not considered significant. Over 95% of the Thai 
specimens had R4,5 black except at the base, which confirms the value pre- 
viously assigned this character by Peyton and Scanlon (1966). The palpal 
banding pattern for culicifacies was very stable in comparison to the other 
members of the series. All specimens also exhibited black scales at the base 
of vein R. All Thai specimens had the base of Cu dark-scaled, but 4/11 Irani- 
an specimens had a small pale spot at Cu base. Wattal et al. (1960) recorded 
several specimens from India without pale spots on the costa basal to the sec- 
tor pale spot. This variation was not seen on Thai specimens. 

Several unusual characters were also observed including: costa entirely 
pale basal to presector pale spot - 0.005 (1/198); R with accessory pale spot 
between the sector and subcostal pale spots - 0.005 (1/198); and short palpi - 
0.005 (1/198). This last trait may be heritable, as discussed under aconitus. 

Variations were less common on males than females. Generally the wing 
veins on males were darker; i.e., with pale spots smaller or absent. The 
base of the costa usually had a humeral pale spot, but no presector pale spot. 
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Pale fringe spots on the hind margin of the wing were usually absent, or very 
faint. Vein 1A was often entirely dark-scaled and Cu was frequently dark, to 
include the fork. Christophers (1933) described the male without scales on the 
basimere, however, some males had long narrow light brown scales in ventro- 
lateral aspect. 

The majority of pupal variations concerned setal branching (see Table 9). 
Seta 9-IV, although varying in length (0. 70-0. 83) in comparison to 9-V, was 
always slender and sharp-pointed like 9-V. This character is very important 
for keying culicifacies pupae to the Myzomyia Series. The paddle fringe in- 
variably ended just laterad of seta 1-P, making culicifacies the only other 
Myzomyia species besides pampanai in the Oriental region that does not have 
a paddle fringe mesad of 1-P. Seta 1-V-VII was nearly always long and simple, 
rarely bifid. 

Most larval variations involved setal branching (see Table 15). As noted in 
the description, the head pigmentation was variable, however, most speci- 
mens had no dark pigmentation on the head or only small spots behind the 
frontal setae (5-7-C). Occasional specimens had darker, more extensive 
patterns to include the open anteriorly directed "tuning fork" design illus- 
trated by Gillies and de Meillon (1968) for subspecies adenensis. The apex of 
the median plate on the spiracular apparatus was checked on a large number of 
_ Specimens, and none of the plates had lateral arms as seen on Minimus Group 
species. Seta 13-P was noted to have more slender branches on culicifacies 
than on jeyporiensis and the Minimus Group species. Occasional specimens 
were found with stouter branches but usually this seta has a distinctive shape 
on culicifacies. The small dorsal submedian plates on the abdominal segments 
of culicifacies were often only faintly pigmented and very difficult to find. 
These small paired plates are highly characteristic for the Oriental Myzomyia 
Series and are particularly useful in identifying culicifacies and jeyporiensis. 

Russell and Rao (1942b) examined culicifacies from a non-malarious area 
. and a malarious area in India to determine if morphological, biological or 
epidemiological differences existed between the culicifacies in those areas. 
Their study did not detect such differences and they concluded that differences 
in the culicifacies population densities in the 2 areas were primarily respon- 
sible for the differences in malaria transmission rates. In the wild-caught or 
reared specimens examined during this study, I found no evidence indicative of 
more than one species. Some east-west clinal trends in wing scale patterns 
and scutal scale density may exist in culicifacies; but, because of the few 
Specimens examined here, they were not obvious and deserve further study. 
Accordingly, I am considering culicifacies a species that exhibits a consider- 
able number of continuous variations in the wing characters. No evidence was 
found for discontinuous (polymorphic) variation. 

TAXONOMIC DISCUSSION. Adults of culicifacies are probably the most 
easily identified members of the Myzomyia Series in Thailand. This Species 
not only has a unique culicine-like resting posture, but also has an easily 
recognized combination of characters: (1) palpus with very wide preapical 
dark band and short apical and preapical white bands; (2) remigium - R base 
with black scales; (3) R4,5 usually black except at base; (4) tarsomeres 
entirely dark; and (5) hind margin of wing rarely with more than 2 pale fringe 
spots. These characters combined with a fragile, yellow-brown culicine-like 
appearance make culicifacies very distinct in Thailand. 

The pupal stage of culicifacies, although easily separated from other mem- 
bers of the Myzomyia Series, may be easily confused with pupae of species in 
the Neocellia and/or Pyretophorus Series. The pupa of culicifacies has seta 
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1-V-VII long and simple, generally few branches on most setae and lacks a 
fringe on the paddle mesad of 1-P, all characters that generally describe 
most pupae in the series Neocellia and Pyretophorus. However, as noted in 
the key, pupae of culicijacies can be separated from these by the length and 
branching of seta 9-I, number of branches on 1-II and the length and shape of 
9-IV in comparison with 9-V. This last character is usually easily seen and 
is often sufficient for placing culicifacies pupae in the proper series. 

The larva of culicifacies, because of its simple setae 2-4, 8-C and small 
anterior tergal plates on the abdominal segments, can be confused with lar- 
vae of species in the Pyretophorus Series. Both characters used in the key 
(9-M and submedian plates on abdomen) are almost impossible to see on liv- 
ing specimens, and are difficult to use even with properly mounted speci- 
mens. The median plate of the spiracular apparatus on culicifacies is unusu- 
al in that it lacks lateral arms. The only other Oriental Myzomyia species 
with a similar median plate is majidi which was illustrated by Puri (1931). 
The median plate of culicifacies was apparently first illustrated by Carter 
(1925). The shape of 3-T and its leaflets on culicifacies are also unusual. 
This seta usually has a very short stem and has widely spread leaflets on 
most other species in the Myzomyia Series. 

Anopheles culicifacies is apparently not very closely related to any other 
member of the Oriental segment of the Myzomyia Series. A study of adult, 
pupal and larval characters suggests that its closest affinities are with dthali 
and sergentii, 2 Palearctic - North African - Mediterranean representatives 
of the Myzomyia Series that extend eastward to Pakistan. These affinities 
suggest culicifacies is not native to Southeast Asia and probably originated in 
the Pakistan-Western India region. The reason it is so successful in the 
tropical regions of India, but not in countries east of India is not understood. 

BIONOMICS. Anopheles culicifacies is uncommon or absent in most areas 
of Thailand, consequently only limited biological data are available for this 
species in Thailand. In India and Sri Lanka, however, culicifacies has been 
considered the primary vector of human malaria parasites for years, and 
many biological studies have been published. Consequently, most of the 
biological information presented here is based on work done in India. There 
are at least 3 references (Covell 1944, Muirhead-Thomson 1951, Bhatia and 
Krishnan 1961) which extensively cover the bionomics of culicifacies, particu- 
larly the last reference. 

This species is usually considered a plains or river valley mosquito, 
however, it has been collected at elevations up to 2,286 m in Pakistan and 
has been found a vector of malaria parasites between 1, 524-1, 829 m in Paki- 
stan (Bhatia and Krishnan 1961). Stage (1958) reported culicifacies in Viet- 
nam only in the highlands at elevations over 914 m. In Thailand this species 
has been collected at less than 10 m elevation (Ayutthaya), but these larvae 
were apparently transported from higher elevations (see p. 58). All other 
collections in Thailand were made between 35-960 m elevation. 

The primary larval habitats for this species in India are fresh water 
irrigation channels, rain pools, pools in river beds, freshly dug pits or 
holes in the ground and wells. In southern India, Russell and Rao (1940) 
found culicifacies larvae the most commonly encountered species in a wide 
variety of natural habitats. They found culicifacies uncommon in rice fields 
and then only in old fallow fields or very new rice fields. The absence of 
larvae in mature rice fields was apparently due to adult oviposition behavior. 
Gravid females apparently require a clear area without vertical obstructions 
to perform a "hovering" dance 1-2 cm above the water, dropping eggs singly 
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onto the water while on the wing after sunset (Russell and Rao 1942a). Singh 
(1974) classified culicifacies as a monsoon species because of its prevalence 
during the wet monsoon season, however, areas of heavy rainfall are not as 
favorable as areas with moderate or even scarce rainfall (Bhatia and Krishnan 
1961). Larvae of culicifacies have been collected in Thailand from: stream 
margins (usually small streams), pools in sand bars or sandy banks, stream 
pools (usually small), small rice fields (new), road ruts in a marsh and foot- 
prints, with 90% coming from the first 3 habitats. Many of the collection 
sites were associated with irrigation ditches or streams in cultivated fields 
(e.g., tobacco, rice) and in or very near villages. The water in the habitats 
was always temporary, fresh, clear, stagnant or with a slow current and with 
partial or no shade. The habitats contained all types of vegetation, such as 
submerged, emergent, floating, also dead leaves and often had abundant green 
algae. There were several collections from small stream margins in secon- 
dary deciduous forests, however, these were all within 500 m of cultivated 
lands and houses. 

One interesting behavioral observation made on culicifacies larvae in Thai- 
land concerns their long periods of submergence when disturbed from the sur- 
face. Whereas most other anophelines ina pool, e.g., vagus Donitz, return 
to the surface very shortly after being disturbed, culicifacies larvae remained 
immobile on the bottom for up to 3-5 minutes. This behavior pattern makes 
_culicifacies larvae more difficult to collect and would definitely bias abundance 
indices. Anopheles jeyporiensis larvae also exhibit a lengthy submergence 
behavior. Larvae of culicifacies in comparison to minimus, are apparently 
well adapted for existing in open sunlit pools. Muirhead-Thomson (1940c) 
found that while 4th-stage minimus larvae had a thermal death point of 41° C, 
i.e., killed by a 5 minute exposure to 41°C, larvae of culicifacies had a ther- 
mal death point of 44°C. His studies showed that a shallow still-water rice- 
field in ASsam had a surface temperature that repeatedly reached or exceeded 
_ 41°C during the hot season, but did not reach 44°C. 

Most collections of culicifacies in Thailand have been larval; however, 
the few adult collections indicate that New Jersey light traps and bovine bait 
collections are more productive than human bait collections. Resting collec- 
tions were relatively unproductive. 

The swarming and mating behavior of culicifacies has been studied at least 
twice (Russell and Rao 1942a, Reisen and Aslamkhan 1976). These studies 
revealed that: (1) swarming occurs in the evening over dry land during the 
crepuscular period; (2) swarms are composed primarily of males; (3) the 
swarms were very compact; (4) females fly into the swarm where mating 
occurs; (5) copulation lasts up to 31 seconds and was completed in flight; and 
(6) most mating females had taken a partial blood meal before entering the 
swarm. Bhatia and Krishnan (1961) reviewed previous studies that suggest 
many culicifacies females require more than one blood meal for oviposition. 
Reisen and Aslamkhan (1976) found that a given female may take as many as 
3 blood meals between emergence and the first oviposition. This behavior 
enhances the chances of culicifacies ingesting human parasites. However, 
Biittiker (1958a) presented evidence that in some specimens of culicifacies 
multiple feedings may also be involved in a period of quiescence, instead of 
ovariole development. These mosquitoes were thought to pass the dry season 
in a state of ''semihibernation" or "partial quiescence." 

Although there is an abundance of literature regarding indoor-outdoor 
resting behavior by culicifacies, there is practically no literature regarding 
indoor-outdoor biting bahavior of this species. Apparently culicifacies is 
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primarily endophagic, based on the high densities of resting engorged adults 
found inside human and bovine shelters. Summarized records from the pre- 
DDT era in India (Bhatia and Krishnan 1961) indicate culicifacies readily fed 
on man in the absence of bovines, but was primarily zoophilic. Precipitin 
tests of engorged females from a pre-DDT treated area and a post-DDT 
treated area showed a total lack of human feeding in the latter area (Bruce- 
Chwatt et al. 1966). Earlier tests (Bhatia and Krishnan 1961) revealed that 
culicifacies was very likely to feed in one shelter, then fly to another to rest. 
This behavior resulted in significant proportions of females collected in 
cattle shelters being positive for human blood. Russell and Rao (1942b) 
determined that when dealing with a species that is primarily zoophilic like 
culicifacies there must be a critical density reached before transmission of 
human malaria parasites will occur. This helped explain why certain areas 
with culicifacies were not malarious. 

A few earlier Indian workers also found some culicifacies adults resting 
outdoors during the day in such places as caves, concrete cisterns and in 
thatching on cattle sheds. Rajendram et al. (1950) found larvae and adults of 
this species in jungle areas of Ceylon that were as far as 8-10 km away from 
the nearest human habitation. Since culicifacies is known to have a flight 
range of about 1 km to nearly 3 km (Bhatia and Krishnan 1961), these speci- 
mens must be considered representative of true sylvatic populations. Buttiker 
(1958b) found substantial numbers of male and female culicifacies in Ceylon 
resting during the daytime in tree holes, termite mounds and among over- 
hanging tree roots on river banks. 

During the late 1950's-early 1960's, after nearly 10 years of the malaria 
house-spray program, culicifacies was found resistant to both dieldrin and 
DDT in western India (Pal 1964). After resistance developed, the density of 
culicifacies in western India slowly returned to the high pre-spray levels, 
but without a return of human malaria. This situation led several investiga- 
tors to wonder if behavioral changes were involved. Shalaby (1965) dis- 
covered that DDT-resistant culicifacies from Gujarat State were short-lived 
when compared to susceptible specimens. Garrett-Jones (1964) and Shalaby 
(1969) determined that contact between this species and man had essentially 
ceased as evidence indicated the resistant strain was nearly entirely zoo- 
philic. Brown and Pal (1971) pointed out that culicifacies is irritated more by 
DDT than most other anophelines and obviously avoids or spends less time in 
sprayed huts. Clarke et al. (1974) reported DDT resistant culicifacies in Sri 
Lanka and listed the other areas where DDT resistance occurs: Afghanistan, 
Burma, India (Bihar, Bujarat, Madhya Pradesh, Maharashtra, Mysore, 
Rajasthan and Uttar Pradesh), Nepal and Pakistan. Bruce-Chwatt (1970) 
reported that DDT resistance was detected in culicifacies in northern Thai- 
land. This report has been confirmed by personal communication with repre- 
sentatives of the Thailand National Malaria Eradication Project. 

Russell and Rao (1942a) had limited success in colonizing culicifacies in 
a large outdoor cage. More recently Ainsley (1976) colonized this species in 
30 cm and 60 cm square cages. Precise temperature, humidity and light con- 
ditions were very critical for the success of these indoor colonies. Although 
natural mating maintained the colonies, Ainsley detected some changes in the 
mating behavior of both sexes. 

Saifuddin et al. (1978) described and illustrated the polytene chromosomes 
of colonized culicifacies from female ovarian nurse cells. The chromosomes 
of culicifacies are specifically distinct, yet still similar to the chromosomes 
of other members of the subgenus Cellia that have been described. No natur- 
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ally occurring aberrations were found on the chromosomes of their laboratory 
strain. 

A few parasites other than Plasmodium have also been recorded from 
culicifacies. Sinton (1917) found 9 of 40 larvae in India with trematode meta- 
cercariae encysted in the abdomen and thorax. This parasite was named 
Agamodistomum sintoni by van Thiel (1922). Sinton (1932) summarized the 
helminthic infections found in Indian mosquitoes up to that time, and added new 
records which included: larval nematodes (Vermis sp.) found entangled in the 
malpighian tubules of a female culicifacies; and a female culicifacies with 
about 60 encysted metacercariae of a trematode he considered equal to Aga- 
modistomum sintoni. Jones (1950) found 40% of hundreds of culicifacies 
larvae in Ceylon infected with the cercarial (probably mesocercariae) stage of 
a trematode which he named Cercaria anophelini. Jones concluded the mos- 
quito probably served as a 2nd intermediate host for this parasite. Bhatia 
and Krishnan (1961) summarized parasitic infections reported from culicifacies 
and these included reports of a trypanosome infection in adult salivary glands, 
nematodes in adults and larvae and a fungal (Chytridinae) infection. 


> 


ANOPHELES (CELLIA) JEYPORIENSIS JAMES 
(Figures 2, 4-6, 13-15; Tables 4, 10, 16) 


Anopheles jeyporiensis James 1902: 32 (A*, L*); Christophers 1915: 392 
(S genitalia*); Christophers 1916: 468 (tax., type-info.); Christophers 
1924b: 297 (tax., distr.); Toumanotf 1981a: 956 (2@*, L*, distr., biol.); 
Chow 1970: 47 (tax., biol.). 

Pyretophorus jeyporensis Theobald 1903: 66 (**, 2*, L*, E*); Giles 1904: 35 
(A, L, as jeypurensis); Theobald 1907: 70 (A, = jeyporiensis James). 
[JUNIOR SECONDARY HOMONYM]. 

Pyretophorus jeyporiensis James, James 1911b: 52 (A). 

Anopheles candidiensis Koidzumi 1924: 98 (A); Christophers 1924a: 49 (? = 
listonit Liston); Edwards 1932: 51 (tax., = jeyporiensis). 

Anopheles (Myzomyia) jeyporiensis James, Christophers 1924a: 51 (type- 
info. ); Sinton and Covell 1927: 305 (cibarium); Puri 1928a: 514 (A, L*); 
Puri 1928b: 522 (L, tax.); Puri 1931: 157 (L*); Senevet 1931: 55 (P*); 
Christophers and Barraud 1931: 183 (E*); Christophers 1933: 220 (*, 
¢*, P, L*, E, distr., biol.); Macan 1948: 243 (tax.); Bonne-Wepster 
and Swellengrebel 1953: 386 (%*, ¢*, L*, distr.). 

Myzomyia jeyporiensis var. candidiensis (Koidzumi), Yamada 1925: 490 (tax., 
specifically mentions not equal to subspecies). 

Anopheles (Myzomyia) aconitus var. tonkinensis Toumanoff 1931b: 576 (%, &, 
L); Toumanoff 1931a: 958 (= jeyporiensis); Toumanoff 1936: 167 (2*, L, 
as jeyporiensis var.); Toumanoff and Hoang-Tich-Try 1937: 986 (¢*, 
as jeyporiensis var., ? = candidiensis); Senevet 1947: 214 (= jeyporien- 
sis var. candidiensis). 

Anopheles (Myzomyia) jeyporiensis var. candidiensis Koidzumi, Christophers 
1933; 225 (=*, L, tax., distr.); Ho 1938: 396 (o*, ¢*, distr. ): Bonne- 
Wepster and Swellengrebel 1953: 392 (2*, L): Khin-Maung-Kyi 1971: 480 
(tax., distr., biol.). 

Anopheles (Myzomyia) jeyporiensis candidiensis Koidzumi, Russell, Rozeboom 
and Stone 1943: 116 (2, L, key, to ssp. status); Thurman 1959: 121 
(distr. ). 
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Anopheles jeyporiensis candidiensis Koidzumi, Sandhinand 1951: 37 (distr. ); 
Thurman and Thurman 1955: 222 (distr.); Foote and Cook 1959: 122 
(2*, L*, key); Chow 1970: 47 (to var. status). 

Anopheles (Cellia) jeyporiensis James, Stone, Knight and Starcke 1959: 44 
(tax. ); Reid 1968: 312 (tax., distr.); Rattanarithikul and Harrison 
1973: 2 (L*, key); Knight and Stone 1977: 42 (tax.). 

Anopheles (Cellia) jeyporiensis var. candidiensis Koidzumi, Stone, Knight and 
Starcke 1959: 45 (tax.); Reid 1968: 312 (keys); Knight and Stone 1977: 
43 (tax.) [NEW SYNONYMY, see Taxonomic Discussion section]. 

Anopheles (Cellia) jeyporiensis candidiensis Koidzumi, Peyton and Scanlon 
1966: 1 (2*, key); Scanlon, Peyton and Gould 1968: 22 (checklist); Chow 
1970: 47 (without subgeneric desig., to var. status) |see Taxonomic 
Discussion section]; Klein 1977: 116 (distr. ). 


Adults of jeyporiensis are easily recognized by the scutal pale scales, 
banded tarsomeres, pale fringe spot at apex of vein 1A, dark proboscis and 
the sharp pattern of white and black scales on the wings. The pupa is often 
uniform tan to light brown, with the paddle pigmented and with a fringe mesad 
of seta 1-P, and is easily identified by the key characters. The 4th-stage lar- 
va of jeyporiensis is readily identified by the abdominal plates and barbs on 
setae 2-4-C. Anopheles jeyporiensis is like aconitus except for: 

FEMALE (Figs. 2, 4-6, 13, Table 4). Head. Pedicel integument tan; 
flagellomere 1 with broad white scales on dorsal and mesal surfaces, flagel- 
lomeres 2,3 may have several pale gray scales; proboscis with small dark 
brown decumbent scales; labellum nearly bare, paler than labium; forefemur/ 
proboscis ratio 0.82-0.89, 0.86 mean (10 females); palpus with 3 pale bands, 
narrow basal band at segmental joint 2,3, narrow median band on segment 3 
apex; apical band narrow to wide (see Variations section), on variable portions 
of segment 4, and segment 5. Thorax. Integument dark brown, central portion 
of scutum ash-gray with 3 dark lines in acrostichal and dorsocentral setal 
rows, fossa and scutal angles dark; anterior promontory with long erect white 
scales, with short dark scales laterad of dorsocentral setal rows; scutum with 
flattened lanceolate white scales between dorsocentral setal rows back to scu- 
tellum; several pale lanceolate scales frequently along dorsal margin of supra- 
alar setal row; fossa infrequently with 1,2 pale scales; scutellum with anterior 
row of lanceolate to short seta-like white scales, posterior row of long dark 
brown setae; pleural setae: 1 propleural, 0-2 spiracular, 2-4 prealar, 2-4 
upper and 3-7 lower sternopleural, 3-7 upper and 0 lower mesepimeral. Wing. 
Color pattern variable (See Variations section), bright with sharp contrast 
between light and dark spots, common pattern follows. Costa with humeral, 
presector, sector, subcostal and preapical pale spots; remigium white-scaled, 
often with gray scales at apex; vein R with base white-scaled or with gray 
scales adjacent to remigium, pale beyond base to presector dark spot, sector 
pale spot and accessory pale sector spot fused and long, rarely divided by 
dark spot; Rj with variable subcostal and preapical pale spots, with accessory 
pale spot on preapical dark area (rarely absent), tip pale-scaled, Rg-R +43 
usually with white scales at origin, adjacent to R4,5 origin and R943 fone Ro 
with white scales at origin, midpoint of vein and apex, often with basal and 
median white spots fused, infrequently without median white spot; R3 with basal, 
median and apical white scales, median white spot often absent; R4.5 with 
basal, median and apical white scales, median pale area variable, rarely 
absent, prebasal dark spot often absent; M usually with white scales on basal 
0.2-0.3, at crossveins and M fork; Mj+2 and M3,,4 with white scales at origin 
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and apex, My,9 often with pale median spot; Cu primarily white-scaled with 
dark prebasal spot, fork dark-scaled (rarely pale); Cu, normally with 3 black 
and 3 white spots, white spots at m-cu crossvein, between 2 most apical dark 
spots, and at apex, rarely median pale spot absent and 2 most apical dark spots 
fused; Cug dark at origin, with white scales to midpoint, distal 0. o mostly 
black-scaled with apex pale; 1A primarily white-scaled with 2 or 3 black spots, 
small black spot present or absent on basal 0.3-0.4, apical 0. 5-0. 6 typically 
with 2 black and 2 white spots (apex white), infrequently apical 0.5-0.6 with 
long black mark and apex white; 1A rarely entirely pale except one small black 
spot, or entirely black except small pale area at base and pale apex; apical 
fringe spot starting at or above Rj apex, extending to include tip of Rg; addition- 
al pale fringe spots include large spot at apices of Rg and Ry,5, spots at apices 
of My+2, Mg,4, Cuz, Cug, 1A and on hind margin of wing basal to 1A; 1A pale 
fringe spot constant (219 females). Legs. Integument dark, with dark brown 
scales, forecoxa may have several dark scales, upper midcoxa with 2-4 setae; 
forefemur slightly swollen on basal 0.75; femora entirely dark, tibiae dark 
except small dorsoapical pale patch; foretarsomeres 1-3 with apical pale bands, 
band length on 1 may be 2.0 tarsomere width, foretarsomeres 4, 5 dark; mid- 
tarsomeres 1-3 with apical pale bands approximately of equal length to tarso- 
mere width, midtarsomeres 4, 5 dark; hindtarsomeres 1-4 with apical pale 
bands approximately of equal length to tarsomere width, hindtarsomere 5 dark. 
Abdomen. Unicolorous dark gray-brown with long tan setae, without scales. 

MALE (Fig. 13). Head. Antennal flagellomere 1 with few pale gray scales 
on mesal surface; forefemur/proboscis ratio 0.65-0.70, 0.67 mean (10 males); 
palpus with narrow pale apical band on segment 3, large pale spot on disto- 
mesal aspect of segment 4, distal 0.8-0.9 of segment 5 pale. Wing. (see 
Variations section). Remigiumandbase of vein R usually with patch of gray 
scales; R usually with dark spot dividing sector pale area into 2 pale spots; 1A 
with distal 0.5-0.6 dark-scaled except pale apex. Genitalia. Basimere with 
broad gray-brown scales on ventrolateral aspect, with 5 parabasal spines; 
claspette with one large apical seta longer than lateral club, intermediate seta 
between apical seta and club equal to length of lateral club, occasionally with 
small seta ventromesal to apical seta; stout knob-like club on claspette fused 
from 3,4 basal stems; aedeagus with 4,6 leaflets on each side of tip, largest 
2-4 leaflets with serrate edge on one side; proctiger membranous. 

PUPA (Fig. 14, Table 10). Integument light tan to dark brown, paddles 
light tan. Cephalothovax. Light brown specimens with distinct brown vein 
lines on wing case and darker brown area between trumpets. Tvumpet. 

Darker than cephalothorax on light specimens, same color on darker speci- 
mens; meatus 0.27-0.39 length of trumpet. Metanotal Plate. With dark 
brown areas on lighter specimens; seta 10-MP simple. Abdomen. Seta 0-II- 
VII small, simple, mesad and cephalad of 2-II-VII; seta 9-IV-VII dark, usually 
flattened with acute tip; 9-I simple, shorter than segment I; 1-II with 5-8 
branches; 2-II with 2-4 branches; 9-II very small, simple, rarely bifid; 1-II 
with 4-6 branches; 2-III with 3, 4 branches; 4-III with 2-4 branches; 5-III with 
3-6 branches; 7-III, 1-3 branches; 9-III small, faintly pigmented, often stout 
with blunt tip, 0.13-0.29 length of 9-IV; 4-IV, 1-3 branches; 7-IV, 1-3 bran- 
ches; 9-IV fairly short, 0.14-0.29 length of segment V, 0.44-0.75 length of 
9-V; 1-V, 1-3 branches; 4-V, 1-3 branches; 9-V, 0.25-0.43 length of segment 
V, 0.50-0. 71 length of 9-VII; 1-VI simple or bifid; 2-VI, 1-3 branches; 4-VI 
simple; 5-VI, 1-3 branches; 6-VI simple, usually longer than 9-VI; 7-VI short, 
simple or bifid, 0.35-0. 54 length of segment VI; 9-VI, 0.73-0.93 length of 
9-VII, 0.37-0. 50 length of segment VI; 1-VII simple or bifid; 2-VII, 1-3 
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branches; 4-VII simple or bifid; 5-VII, 1-4 branches; 7-VII short, simple, 
0.42-0.55 length of segment VII; 8-VII simple or bifid; 9-VU, 0.38-0. 51 
length of segment VII; 9-VIII with 7-11 branches. Genital Lobe. Unicolorous 
light tan to brown. Paddle. Light tan; refractile margin long, 0.84-0.97 of 
distance from base to seta 1-P; paddle 1. 51-1.67 as long as wide; lateral 
fringe changing gradually from spines to filaments at 0. 77-0. 88 of distance 
from base to seta 1-P; spines on lateral edge widely spaced; paddle fringe 
extending mesad of 1-P to mesal angle of paddle; 1-P, 0.19-0.25 length of 
paddle. 

LARVA (Fig. 15, Table 16). Light brown to dark brown, without color 
pattern. Head. Frontoclypeus with color pattern varying from 3,4 small 
brown spots on caudal area to 2 broad dark transverse bands and single large 
dark spot; anterior transverse band just caudad of seta 4-C level, posterior 
transverse band through 5,6, 7-C level, large dark spot medial and caudal to 
posterior transverse band; antenna same color as darker areas on fronto- 
clypeus, slender, 5.90-7.58 length of widest point, with dark spicules pri- 
marily on mesal and ventral surfaces; 1-A short, simple, inserted on outer 
dorsal surface 0.23-0.28 from base; 4-A with 3-6 branches; 2-C long, with 
20-25 short lateral barbs; 3-C slightly more than 0.5 length of 2-C, with 15- 
20 short lateral barbs; 4-C split into 2-5 branches near base, extending 
cephalad approximately to base of 2-C; 8-C with 2-4 branches; 15-C with long 
stem, 2-4 short branches near tip. Thovax. Sclerotized bases of setae 1,2-P 
fused; 1-P with 23-35 branches; 2-P with 10-15 branches; 9-P with 10-12 
branches; 11-P with 3-5 branches; 10,12-P long, simple; 1-M long, with 
30-03 branches; 4-M with 3, 4 branches; 6-M with 2-4 branches, length of 5-M; 
9,10-M simple; 12-M short with 2,3 branches; 3-T with 10-19 thin lanceolate 
leaflets arising from thick stalk approximately 0.20 length of seta, leaflets 
with blunt tips; 9-T with 11-14 branches; 10-T simple; 12-T with 2-5 bran- 
ches. Abdomen. Anterior tergal plates on III-VII moderately large, 0.3-0.5 
width of segments, not enclosing small median posterior tergal plates; anteri- 
or tergal plate II often fused with small posterior tergal plate; small oval sub- 
median plates often absent, when present, on IV-VII (usually VI-VII); seta 0-II- 
VII small, simple, arising cephalad of seta 2 and posterolaterad of anterior 
tergal plate; 1-I with light brown leaflets, with or without shoulders; 1-II-VII 
leaflets brown, usually with shoulders and fairly short filaments, 1-II leaflets 
occasionally lanceolate and without shoulders; 1-I with 10-16 leaflets; 1-II with 
12-17 leaflets; 13-III fairly large with 4-9 branches; 6-IV with 3, 4branches; 13-IV 
with 4-9 branches; 6-V with 3, 4branches; 13-V with 4, 5 branches; 1-VII with 14-19 
leaflets; 2-VII with 3-5 branches; 2-VIII with 10-13 branches; small ventral plate 
often present adjacent to 14-VIII; pecten plate with 4, 5longand 7-9 short teeth; 
seta 1-X with 2,3 branches on distal 0.5, rarely simple, 1.27-1.70 length of 
dorsal margin of saddle; 2-X with 15-18 branches, most basal branches short- 
er than distal branches, straight, thick, tapering abruptly to sharp thorn-like 
tip, most distal branches long, curved, tapering gradually to small hooked tip. 

EGG. Following description from Christophers (1933). "Not of whale- 
back type. Upper surface broad, as broad as width of egg, slightly narrowed 
in middle portion, anterior demarcated area somewhat broader than posterior. 
Lower surface unornamented. Floats touching margin of upper surface, 
occupying about middle half of egg or slightly more; float ridges 13-17; float- 
terminations large, round; frill moderately broad, striated, ending in dis- 
tinct tags at junction with floats.'’ Other publications describing jeyporiensis 
eggs are Theobald (1903) and Christophers and Barraud (1931). The latter 
authors also illustrate the egg from lateral and dorsal views. 
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TYPE-DATA. There has been considerable confusion in the literature 
regarding the type-specimens for this species. This was caused primarily by 
the same species being described as new with essentially the same name by 2 
different authors using different specimens. Theobald (1907) explains this as 
follows, '' It was described by Capt. James shortly before Vol. III. of the work 
appeared. His description did not reach me till some time afterwards, speci- 
mens having been sent him by Drs. Stephens and Christophers as well as to 
myself to describe.'' Consequently, jeyporiensis James 1902 and jeyporensis 
Theobald 1903, were not always differentiated (e.g., Stone et al. 1959). 

James (1902) listed 2 localities in the original description, i.e., ''The Jeypur 
State"’ (now southern most tip of Orissa State) and "'the central Provinces 
(Nagpur)'' (now Maharashtra State). The type-specimen(s) for jeyporiensis 
James is/are probably non-extant, not in the BMNH as listed in Stone et al. 
(1959) and Knight and Stone (1977). Further, these last 2 references also list 
the type-locality as "Nagpur, Jeypur State (Central Provinces), '’ which is in- 
correct. Christophers (1916) listed the type for jeyporiensis James as a 
specimen labeled ''Castle Rock 1902" and "jeyporiensis"' by James, that was in 
the Central Malaria Bureau, Kasauli, and the types for jeyporensis Theobald 
as in the BMNH. However, Christophers (1924a) changed the type-locality for 
James’ species to ''Patingi, Jeypore Hills, Madras Presidency, India" without 
explanation, or word on the location of the type-specimen. Christophers 
(1924a) also noted that Theobald described his species from the same locality 
based on 3 females and 2 males, of which a male and female type were deposi- 
ted in the BMNH. Christophers (1933) essentially repeated his 1924 informa- 
tion, but changed the type-locality to read ''Patingi, Jeypore Hill Tracts, 
Vizagapatam Dist.'’ I have not been able to obtain further information regarding 
the location of a type-specimen for jeyporiensis James. 

There are several points regarding the original description and wing illus- 
tration (James 1902) that need clarification. The major problem is that the 
wing illustration looks more like @conitus than jeyporiensis, and since aconitus 
occurs in that area of India (Prakash and Husainy 1974a), a mixup was possible. 
The illustrated wing lacks 3 common jeyporiensis characters: humeral and 
presector pale spots on the costa and a pale accessory spot on the Ry preapical 
dark mark. However, the wing possesses 2 characters typical for jeyporiensis, 
but rarely seen on aconitus, i.e., vein R4,5 has a long basal dark mark and the 
distal half of Cu9g is dark scaled. Furthermore, I have seen infrequent jeypovi- 
ensis specimens without humeral and presector pale spots and many specimens 
from India do not have an accessory pale spot on the preapical dark mark of Rj. 
Therefore, I accept the illustrated wing as representing jeyporiensis. The 
original description clearly says, "palpi are the same as those of A. fluviatil- 
is,'' which cannot apply to aconitus, James apparently overlooked the narrow 
bands on the tarsomeres, because he described the legs as "unbanded."’ Aside 
from these points, the larval description and illustration clearly suggest jey- 
poriensis rather than aconitus. In the absence of a type-specimen for jeypori- 
ensis James, and after considering the above points, I believe the original 
description and illustrations indicate that jeyporiensis James is conspecific 
with the current concept of jeyporiensis. 

In 1972, I examined the type-specimens of jeyporensis Theobald in the 
BMNH. Although one male and one female have "type" labels, Theobald (1903) 
clearly stated this species was described from 3 females and 2 males, which 
was also noted by Christophers (1924a). These specimens should all have syn- 
type status since a holotype was not designated. Actually there are 4 females 
and one male in the BMNH with labels written in Theobald's hand that read 
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"India, Dr. Christophers.'’ However, the ink on the label of one female is 
different from the others, and that specimen has an additional label ''Recd 
from F. V. Theobald, 1907-29" not on the others. This female probably 
represents a later accession from Christophers and thus, should not be con- 
sidered a syntype. Therefore, there are 3 females and one male that I con- 
sider syntypes of Theobald's species in the BMNH. As indicated above one 
female and the one male syntype have ''type" labels. These 2 also have an 
additional label with a Theobald manuscript name that is very similar to the 
type-locality, Patingi, and beneath this ''Type Theobald.'' The female with 
the label bearing the Theobald manuscript name and ''Type Theobald" is here 
designated the lectotype for jeyporensis Theobald. The lectotype has the fol- 
lowing characters: palpus with preapical dark band nearly twice as long as 
apical pale band; Rj with accessory pale spot on the preapical dark mark; 
costa base with humeral and presector pale spots; scutum with prominent 
narrow pale scales; tarsomeres with narrow apical bands; and the hind mar- 
gin of the wing with a pale fringe spot at 1A apex. These characters all fit 
the current concept of jeyporiensis James, thus, I consider jeyporensis 
Theobald a synonym (also junior secondary homonym) of jeyporiensis James. 

The type-specimens for candidiensis Koidzumi and variety tonkinensis 
Toumanoff are unknown and probably non-extant. The descriptions and sub- 
sequent literature regarding these 2 nominal taxa indicate they are identical, 
and I consider both as synonyms of jevporiensis James (see Taxonomic Dis- 
cussion section for further discussion regarding the status of candidiensis). 

DISTRIBUTION (Fig. 14). Anopheles jeyporiensis has a wide distribution 
in India and extends eastward across the Indochina Peninsula and southern 
China to Taiwan. This distribution includes: BANGLADESH; BURMA; 
CAMBODIA; HONG KONG; INDIA (Andhra Pradesh, Assam, Bihar, Gujarat, 
Karnataka, Kerala, Madhya Pradesh, Maharashtra, Orissa, Rajasthan, 
Tamil Nadu, Uttar Pradesh and West Bengal); LAOS; NEPAL; PEOPLE'S 
REPUBLIC OF CHINA (Chekiang, Fukien, Kwangsi, Kwangtung including 
Hainan Island and Yunnan); TAIWAN; THAILAND; and VIETNAM. Apparently, 
it has not been collected in Sri Lanka (Carter 1950). The above distribution 
results from the combination of the 2 previously recognized nominal taxa, 
jeyporiensis and candidiensis. Contrary to Christophers (1933), the variation 
corresponding to candidiensis is common throughout much of peninsular India 
(Menon and George 1950, Wattal 1961) and the variation previously considered 
restricted to India, i.e., jeyporiensis, is recorded from Burma (Macan 
1948, Khin-Maung-Kyi 1971) and Vietnam (Chow 1970). I have collected speci- 
mens corresponding to this form in Thailand and Hong Kong along with the 
candidiensis variation and intermediates. Chow (1970) pointed out that 
2 subspecies cannot exist sympatrically, and he reduced candidiensis from a 
subspecies to varietal status. However, I have decided to synonymize 
"variety'' candidiensis as explained in the Taxonomic Discussion section, 
hence the combined distribution range. 

Sandhinand (1951) first recorded jeyporiensis in Thailand from Chiang 
Mai Province, and Thurman and Thurman (1955) reported specimens col- 
lected by light traps in Chiang Mai during 1952-53. These initial soecimens 
were reported as jeyporiensis candidiensis. Thurman (1959) recorded jey- 
poriensis jeyporiensis from northern Thailand without further explanation, 
however, Scanlon, Peyton and Gould (1968) noted this "report of the nominate 
form from Chiang Mai was apparently based on a personal communication from 
Dr. V. Notananda.'' Scanlon, Peyton and Gould (1968) reported all records 
of jeyporiensis from Thailand were from Chiang Mai Province, and that they 
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had no evidence that the nominate form occurred in Thailand. Since 1968, 
several additional collections of jeyporiensis were made and now this Species 
is recorded from the following provinces of THAILAND: Chiang Mai, Lam- 
pang, Mae Hong Son and Phayao. One large immature collection was made in 
Amphur Mae Rim, Chiang Mai Province in 1969, from which a large number of 
adults with associated immature skins were reared. Included in this reared 
material were several specimens with palpal variations more like those 
described for jeyporiensis James, several specimens with intermediate palpal 
characters and the majority with palpal variations like those described for 
candidiensis Koidzumi. Accordingly, Rattanarithikul and Harrison (1973) did 
not recognize candidiensis in their larval key for Thailand. 

In adjacent countries jeyporiensis is reported from Loikaw District, Kayah 
State, Burma (Khin-Maung-Kyi 1971) which is next to Mae Hong Son Province, 
Thailand. In Cambodia this species is known from 2 provinces, Kompong 
Chhnang (Harrison and Klein 1975) and Snuol (Klein 1977). Records from Viet- 
nam list jeyporiensis only from the highlands below the 17th parallel (Nguyen- 
Thuong-Hien 1968), while Lefebvre (1938) records it from the northern parts 
of Laos (Luang Prabang, Phong Saly and the Tranninh Plateau). 

The habitats and life requirements that determine the distribution of jey- 
poriensis are poorly understood. East of India this species seems somewhat 
restricted to hilly or mountainous regions where it is most commonly collected 
in large seepage marshes, or semi-permanent seepage water at the bases of 
hills. Quite possibly malaria house-spray programs in the last 20-25 years 
have severely altered the distribution and abundance of jeyporiensis outside of 
India. However, based on the literature, jeyporiensis probably was not widely 
distributed or abundant in Thailand, Cambodia, southern Vietnam and possibly 
southern Laos even before the malaria spray program. The only areas east of 
India where it has been reported abundant correspond to the area enclosed by 
the 20°-29° N latitude lines that includes northern Burma, Laos and Vietnam 
and southern China from Yunnan to Fukien. 

A total of 1,215 jeyporiensis specimens were examined during this study 
(1200, 264¢, 382 larvae, 231 larval and 268 pupal skins). Specimens examined 
from Thailand include 440, 50%, 121 larvae, 72 larval and 81 pupal skins. 
Additional specimens (760%, 2149, 211 larvae, 159 larval and 187 pupal skins) 
were examined from the following countries: CAMBODIA; HONG KONG; INDIA 
(Assam, Orissa--includes type-specimens of jeyporensis in BMNH, and Tamil 
Nadu); NEPAL; PEOPLE'S REPUBLIC OF CHINA (Kwangtung); and TAIWAN. 
In 1969 many jeyporiensis (63°, 1702, 207 larvae, 153 larval and 187 pupal 
skins) were collected in the New Territories (Sai Kung District), Hong Kong 
and are now deposited in the USNM. 

VARIATIONS (Figs. 2, 6; Table 4, 10, 16). Anopheles jeyporiensis adults, 
like the other Myzomyia species in the Orient, have many variable adult char- 
acters that have caused confusion. Chief among these is the variable palpal 
banding pattern that gave rise (in part) to both synonyms (candidiensis and 
tonkinensis), If as Christophers (1933) suggested, one palpal variation was 
found in India and the other variation was found only east of India, some status 
might be accorded these variations. However, as noted by Macan (1948) and 
Khin-Maung-Kyi (1971) in Burma, Rattanarithikul and Harrison (1973) in Thai- 
land, Menon and George (1950) in southern India (Kerala), Christophers (1933) 
in west India (Bombay) and my observations on Hong Kong specimens, both 
variations plus intermediates typically occur together. This situation, over 
such a wide area negates any possibility, based on palpal variations, of these 
being different subspecies. Menon and George (1950) made a statistical analysis 
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of the palpal variations on 354 female jeyporiensis collected in Kerala (as 
Travancore), southern India. From these they recognized 4 distinct palpal 
patterns (as groups): (1) with very long preapical dark band; (2) equal to 
jeyporiensis James; (3) intermediate with more pale scales than (2); and (4) 
equal to candidiensis Koidzumi. Group (1) was represented by 50 specimens, 
(2) by 138, (3) by 104 and (4) by 62. By plotting their results they showed that 
all 4 groups were on a common axis which passed through the mean for the 
whole sample. They concluded that variation of the palpus was proceeding in 
2 opposite directions from the type-form (group 2), and that since variation 
had proceeded along a common line from the type-form, the groups should be 
considered gradations in the variations of the type-form and not as true varie- 
ties (e.g. candidiensis). Similar studies have not been conducted elsewhere. 
Based on the specimens I have seen, the frequency of the wide preapical dark 
band appears much higher in the specimens on the Indian end of the distribu- 
tion, while the variation with the narrow preapical dark band has a higher fre- 
quency on the eastern end of the distribution. A cline may be involved, or 
possibly the more melanic specimens were exposed to cooler temperatures 

as larvae. Regardless of the cause, I feel the palpal variations in jeyporien- 
sis are continuous and do not warrant names. These palpal variations on jey- 
boriensis are certainly no more striking than those illustrated (Fig. 6) for 
minimus. A very similar pattern of palpal variations on subpictus Grassi, 
from India and further east, was pointed out by Reid (1968). 

Table 4 presents the frequency ranges for 12 wing characters found on jey- 
poriensis from Thailand, Vietnam and Hong Kong. Two of the characters in 
Table 4 were nearly always present onfemales. These characters, (1) hind 
margin of wing with pale fringe spot adjacent to 1A apex and (2) R; with ac- 
cessory pale spot in preapical dark mark, are useful in identifying jeyporiensis. 
The Ry pale accessory spot was used by Toumanoff (1931a) and Toumanoff and 
Hoang-Tich-Try (1937) to separate Vietnamese specimens from Indian speci- 
mens. This spot is apparently less frequent on females from India (5 to 10 
specimens examined). Another variable character that has been used fre- 
quently in keys is the number of dark spots on vein lA. Previously, jeypori- 
ensis has usually been characterized with 3 dark spots on 1A, however, data 
in Table 4 show that 1A commonly has the basal dark spot missing or the 2 
distal dark spots fused into one long dark spot. Toumanoff and Hoang-Tich- 
Try (1937) also found many Vietnamese specimens with the 2 distal 1A black 
spots fused. The basal pale spots on the costa (humeral and presector) were 
found very stable. Only one specimen was seen lacking both of these spots 
and thus, matching the wing illustrated in the original description (James 
1902). 

One new character was found on the wing that will help identify many 
specimens of jeyporiensis. Female specimens often have gray or gray-brown 
scales at the apex of the remigium and on the base of R (29-59%, Table 4). 
These scales are easily overlooked, however, their presence is highly signi- 
ficant since the only other Myzomyia species with dark scales on these areas 
are culicifacies and pampanai. This character was also present on 18/20 
Thai and 3/5 Hong Kong males. 

Christophers (1933) mentioned that Indian specimens often lacked apical 
pale bands on fore- and midtarsomere 3, while specimens identified with can- 
didiensis usually had bands on these tarsomeres. Nearly all of the specimens 
I examined had either a band or dorsal pale spot at the apices of these tarso- 
meres, however, insufficient Indian specimens were seen for a meaningful 
comparison. Reduction in pale leg banding is already well documented for 
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several species of Anopheles from India (Reid 1968; Harrison and Scanlon 
T9793); 

Several other wing variations on females were detected that had low fre- 
quencies, they are: R witha pale spot between sector and subcostal pale 
spots - Thailand (1/46), Vietnam (1/17) and Hong Kong (4/156); R4,5 almost 
entirely black - Thailand (1/46); Cu fork pale - Vietnam (1/17) and Hong Kong 
(9/156); 1A almost entirely pale - Hong Kong (2/156); 1A dark except at base - 
Hong Kong (1/156). One morphologically deformed variant (anal vein inter- 
ruption) was found ona Thai female. The cytogenetic value and heritability of 
this trait were discussed under aconitus. 

Tables 10 and 16 represent setal branching variations on the pupae and 
larvae of jeyporiensis, Both stages are usually pigmented brown, which is 
consistent with other species typically found in seepage marshes with dark 
mucky bottoms. The pupal paddle is somewhat unusual because it is also pig- 
mented (usually tan). The pupa of majidi also shows this trait. Seta 9-IV on 
jeyporiensis is shorter than is usual in this series (see series key) and con- 
sequently this species may key to Neocellia. Although 9-IV is only 0. 44-0. 75 
the length of 9-V on jeyporiensis, it retains the same shape as 9-V (cf. Neo- 
cellia spp.). Seta 1-V-VII on jeyporiensis is more variable than on culici- 
jacies. It is usually simple on culicifacies, but is often bifid or trifid on jey- 
poriensis. 

The number of lateral barbs on larval setae 2,3-C are important in 
separating this species from aconitus. These barbs, although varying in 
number, are always longer and more numerous than those on aconitus. 
Christophers (1933) suggested the barbs on 3-C were fewer and stouter on 
larvae from east of India than on Indian jeyporiensis. Due to the lack of 
Indian specimens I have been unable to check this character. The posterior 
tergal plate on II was found separate or attached to the anterior tergal plate. 
Some specimens also had a small median ventral plate that was usually closely 
associated with 14-VIII. Seta 1-X on the saddle was either bifid or trifid on 
all specimens checked, with the division occurring on the distal half of the 
seta. An anomalous seta 6-II with only 9 branches was found on one larvae. 
This seta normally has 23-31 branches. 

Adult palpal and wing variations on jeypovriensis may create occasional 
difficulty in identifying this species, however, these variations do not alter 
the stability of the scutal and leg key characters. The immature characters 
for identifying jeyporiensis are highly reliable and quickly differentiate this 
species from other members of the Myzomyia Series. The only problem area 
with immature identification may lie in keying jeyporiensis pupae to the 
Myzomyia Series. 

TAXONOMIC DISCUSSION. The resolution of the status of the nominal 
taxon candidiensis was a major objective of this study. Although sufficient 
Indian specimens were not available for study, published reports have shown 
that jeyporiensis is as variable in India as elsewhere. Discrete populations 
of jeyporiensis or candidiensis (based on palpal banding patterns) were not 
found during this study. In Vietnam large numbers of both jeyporiensis and 
candidiensis were reported from the high plateau and mountain jungle-covered 
areas (Nguyen-Thuong-Hien 1968). This report did not mention intermediates 
nor what the palpal banding parameters were for both types, but did note that 
the only difference between the 2 types was morphology, otherwise their biolo- 
gy and rates of infection with malaria parasites were identical. The behavioral- 
biological aspects of the 2 variations from Vietnam were recently tabulated by 
Chow (1970). I believe a close examination of such situations will reveal both 
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of these variations (and intermediates) in any given large sample. These varia- 
tions were continuous rather than discontinuous in all samples checked to date, 
thus they cannot be considered polymorphic. The frequencies of the respective 
variations (i.e., jeyporiensis, candidiensis and intermediates) may vary con- 
siderably from one population to another, or from one subregion of the Orient 
to another. Such shifts in variation frequencies are probably much more com- 
mon in mosquitoes than currently realized and are often clinal. In Asia a num- 
ber of shifts in variation frequencies are already known in Anopheles, these 
include: increased abdominal scaling on maculatus Theobald (Reid et al. 1966) 
[involves synonym willmorei James, which, in my opinion, does not deserve 
the varietal status continued by Reid (1968) and Knight and Stone (1977)]; reduc- 
tion in pale leg bands on Indian specimens of argyropus (Swellengrebel), pedi- 
taeniatus (Leicester) and nigerrimus Giles (Reid 1968, Harrison and Scanlon 
1975); reduction in the pale palpal bands on Indian subpictus (Reid 1968); reduc- 
tion in wing fringe spots (Reid 1968) and pale leg bands (Harrison 1973) on 
Indian and Sri Lanka barbumbrosus Strickland and Chowdhury; increasing pale 
scales on the remigium and scutum on Iranian and Arabian culicifacies; and 
variations in the humber of basal costal pale spots on aconitus, culicifacies and 
minimus. These frequency changes are apparently a reflection of selection 
pressure on the same species living under different environmental conditions. 
The palpal variations on jeyporiensis exist together over a wide geographical 
area (India to Hong Kong) and obviously cannot be considered subspecies as 
pointed out by Chow (1970). However, they also should not be called varieties 
as proposed by Chow and previous authors for candidiensis. The term variety 
is an outdated holdover from the era of the morphological type concept and has 
no place in modern systematics, which is rooted in population biology. Accord- 
ingly, as Mayr (1969) pointed out, varietal names (e.g., names for individual 
variants, discrete or discontinuous variations or aberrant individuals) have no 
standing in nomenclature (Art. 1, 1964ICZN). Mayr also lists several other 
categories not deserving varietal names. The variation of jeyporiensis that 
was originally named candidiensis is nothing more than a widespread variation 
that occurs with varying frequency in different regions of the Orient. Specimens 
with palpal characters as described for candidiensis are no longer entitled toa 
latinized varietal name according to the ICZN, and are no more distinct than the 
various palpal variations described here for aconitus and minimus, the cold 
weather 4-banded palpal variation found on fluviatilis (see under aconitus Varia- 
tion section) or the leg, wing, palpal and scutal variations with changing fre- 
quencies listed above. 

Although jeyporiensis is relatively uncommon and has a restricted distribu- 
tion in Thailand, it still should cause very few identification problems. Adults 
are readily recognized by the key characters, the sharp contrasting black and 
white wing pattern, the pale fringe spot at the apex of vein 1A, the dark pro- 
boscis, the usually narrow preapical pale palpal band and gray-brown scales on 
the remigium-R base. The spotting pattern on 1A should not be used to identify 
this species. 

The 4th larval and pupal stages are also easily identified, particularly the 
former. The larva is easily recognized by the following combination of charac- 
ters: (1) only one metathoracic pleural seta (9-T) branched; (2) abdomen with 
moderate size anterior tergal plates, separate posterior tergal plates and infre- 
quently with small paired submedian plates on IV-VII (usually VI-VII); (3) setae 
2,3-C with numerous lateral barbs and 4-C branched; (4) 3-T with blunt tips on 
leaflets; (5) median plate on spiracular apparatus with lateral arms; (6) seta 1-X 
bifid or trifid on distal half; and (7) seta 2-X with most basal branches straight 
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thick, tapering abruptly to sharp thorn-like tip. 

The pupal stage is probably more difficult to key to the Myzomyia Series 
than to identify to species within the series. The pupa can be recognized by 
the following combination of characters: (1) seta 9-I simple and shorter than 
segment I; (2) seta 1-II with only 5-8 branches; (3) 2-II with 2-4 branches; (4) 
2-III with 3,4 branches; (5) 9-IV same shape as 9-V; (6) 7-VI, VI. short, not 
more than 0.6 the length of segment; (7) 9-VIII with 7-11 branches; (8) paddle 
with small lateral spines changing gradually to filaments distally; (9) paddle 
refractile margin 0. 84-0.97 of distance from base to seta 1-P; and (10) paddle 
fringe extending mesad of 1-P to mesal angle. 

Anopheles jeyporiensis apparently is not closely related to any other Ori- 
ental Myzomyia species. The adults have a number of characters similar to 
those of majidi, however, the larval characters of these 2 species are very 
different. There are also a number of similarities between the adults and lar- 
vae of aconitus and jeyporiensis, but the pupae are quite distinct and jeyporien- 
sis is not a member of the Minimus Species Group in which aconitus belongs. 
Since aconitus appears to be one extreme of the Minimus Group, perhaps jey- 
poriensis is distantly related to the Minimus Group through aconitus. These 
similarities, however, are not sufficient to place jeyporiensis in this group. 

This may be a species of subtropical, rather than tropical origin. In some 
areas it extends into tropical areas (India), but in the remainder of its range 
it is confined to more northern latitudes or higher elevations. It is apparently 
a more sylvan species than some of the other members of the series, and com- 
monly exists in marshes and seeps in forested areas. 

BIONOMICS. Very little biological information is available for jeyporien- 
sis in Thailand. Consequently, most information in this section comes from 
work in other countries. 

Covell (1944) summarized the larval habitats for jeyporiensis to include 
slow running water, river margins, streams with grassy margins ditches, 
swamps, rice fields, seepage outcrops, especially in foothill areas. Macan 
(1948) found jeyvporiensis larvae in Burma in easily overlooked marshes, i.e., 
those where emergent vegetation is very thick and the water was not apparent 
until it accumulated around the foot with each step. In India (Tamil Nadu), 
Rahman et al. (1975) found larvae of this species in irrigation channels with 
grassy margins, and in sandy pools beside a river. Based on these and other 
references and personal experience the larval habitat for jeyporiensis can best 
be described as: clear cool fresh water, slow moving or nearly stagnant, with 
abundant vegetation often of all kinds, but particularly with emergent grass, 
often with mucky, silty bottom and usually with partial to heavy shade. This 
shade requirement is usually filled by emergent vegetation, not trees or other 
objects. Such habitats can be temporary or permanent, and semipermanent to 
permanent seepage pools (outcrops, marshes, etc.) at the base of hills seem to 
fill all of these requirements and be a favored oviposition site. Water ranging 
from 23-33°C (optimum 28°C) has been noted as ideal for jeyporiensis (Wattal 
1961). This temperature range basically eliminates jeyporiensis from most 
rice fields during the hot monsoon season. Accordingly, this species seems 
to be most abundant near the end and just after the rainy season when cooler 
weather arrives. Most collections of jeyporiensis from rice fields occur at 
the end of the growing season and particularly after the rice has been cut and 
pools remain in the fields (Jackson 1936a) or in fallow rice fields with seepage 
water. This is definitely a hill-mountain-high plateau species which has been 
found at elevations up to 1, 829 m in India and probably does not occur in plains 
areas such as those surveyed in India (Tamil Nadu) by Russell and Rao (1940) 
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or the central rice plains or Korat Plateau rice plains in Thailand. Larval 
collections in Thailand have been from seepage habitats, particularly a large 
seepage marsh in Mae Rim District, Chiang Mai Province, at about 320 m 
elevation. In Sai Kung District, New Territories, Hong Kong, the following 
sites yielded larvae: ditches beside rice fields (2); small rice field (1); small 
stream margin (4); large stream margin (3); seepage pool (1); and seepage 
marsh (3). Although only 4 of 14 collections were made from seepage water 
habits, those 4 accounted for about 90% of 160 adults reared and 207 whole 
larvae of jeyporiensis preserved from Hong Kong. The grassy stream mar- 
gins sampled in Hong Kong were often densely populated by minimus larvae but 
only occasionally yielded jeyporiensis or maculatus Theobald. All immature 
collections in Hong Kong were made between 1-250 m elevation. The best site 
was a large seepage-bog-marsh in a fallow rice field, 1 m above Sea level at 
the base of a hill next to the beach in a protected bay. This site had a large 
dike on the beach side to prevent salt water from entering the field at high tide. 
In some places this fresh water bog was less than 10 m from the small waves 
on the beach. I have only been able to find one other reference indicating col- 
lections of this species at elevations of 20 m or less (18 m, Stage 1958). Ap- 
parently this does not usually occur in more southerly latitudes. As noted 
earlier, jeyporiensis is very abundant in the hilly regions of southern China 

_ between 20-25°N latitude. Based on my experiences in Thailand and Hong 
Kong, seepage pools, springs, bogs or marshes at the bases of hills are by far 
the most productive collection sites for jeyporiensis immatures. 

Anopheles jeyporiensis larvae were found to have a submergence behavior 
very similar to that described above for culicifacies. This involves a long sub- 
mergence, up to 5 minutes, when they are disturbed and dive to the bottom. In 
several instances larvae were observed holding on to a bottom substrate such 
as algae by their mouthparts and suction by an eye dropper dislodged them only 
with difficulty. When these larvae were dislodged they often retained strands 
of algae in their mouths. An excellent method, previously developed by E. L. 
Peyton in Thailand, was used to overcome this behavioral trait and speed up the 
collection. This involved a vigorous stamping by the collector, which rapidly 
turned the water into a thick silty solution. The collector then stood still and 
watched as the dark larvae of jeyporiensis came to the surface. This technique 
also is suitable for other anophelines that are easily flushed from the surface. 
This submergence behavior may be partially responsible for the few immature 
collections of jeyporiensis in northern Thailand. It definitely makes larval col- 
lections of this species more difficult and less likely than for other anopheline 
species. 

Female jeyporiensis can be collected by light traps, human or bovine bait, 
but the best method is probably the resting collection. This species is definitely 
endophilic and probably endophagic, although it can be taken in outdoor biting 
collections. Christophers (1933) noted this species is commonly taken in houses 
and cattle sheds and Covell (1944) said it was most common in the latter. 
Prakash and Husainy (1974a) also found it most common in cattle sheds in 
India. However, Stage (1958) noted that where minimus and jeyporiensis 
occurred in Vietnam they represented more than 80% of the total catch in 
houses. Nguyen-Thuong-Hien (1968) reported jeyporiensis highly endophilic in 
Di-Linh, Vietnam, with 97% taken indoors prior to insecticide treatments. In 
that report the ratio of adults entering human habitations to those in animal 
shelters was 24: 1 (16, 848/701), and the peak entry time was between 0100- 
0300 h. Most females (98%) were found resting on the bottom 1 m of the walls. 
In 1969 numerous females were found resting in mud-plaster cattle sheds in the 
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New Territories, Hong Kong, both at night and from 0800-0930 h in the morn- 
ing. Differences in the resting behavior of this species as reported above pro- 
bably reflect differences in the structure and design of human habitations and 
cattle sheds from one region to the next. For example, cattle sheds in Thai- 
land are often breezy with thatched sides or simply under the human habitation, 
while cattle sheds in Hong Kong are compact with plaster walls and well pro- 
tected from the wind. These differences, like similar differences in human 
house construction create entirely different microhabitats which based on 
temperature, humidity, desiccation rate, are or are not suitable for a mos- 
quito resting site. Too often mosquito behavior is treated as entirely inde- 
pendent of man's manipulations, when frequently it is a direct response toa 
biologically favorable situation created by man. 

Conflicting results have also been published regarding the feeding behavior 
or jeyporiensis. Christophers (1933) reported it feeds freely on man, and 
Wattal (1961) and Chow (1970) list it as anthropophilic, however, Bruce- 
Chwatt et al. (1966) presented precipitin test-data showing otherwise. Actually 
the data presented by the first 3 authors were basically pre-insecticide, while 
those of Bruce-Chwatt et al. (1966) probably included specimens from post- 
spray surveys. Differences in feeding behavior should be anticipated when 
dealing with populations of a widespread species. This species appears to be 
endophagic and Khin-Maung-Kyi (1971) lists the peak biting time in Burma as 
between 2330-0300 h. Currently, there are insufficient data to establish the 
biting behavior of jeyporiensis in Thailand. 

kal (1964) noted that jeyporiensis densities in India were not affected by 
insecticide treatments. In Vietnam, however, where jeyporiensis made up 
16.1% of the total anophelines collected before spraying in 1960, its densities 
dropped to very low levels after spraying (Nguyen-Thuong-Hien 1968). Nguyen- 
Thuong-Hien (1968) also presented preliminary data showing jeyporiensis highly 
susceptible to DDT. Chow (1970) presented data for Vietnam jeyporiensis, 
showing the LC5g and LCy99 of DDT (%) as 0. 65-0.70 and 4.0, respectively, 
and LC59 and LCj99 of dieldrin (%) as 0.07 and 0.2, respectively. 

Besides malaria parasites, filariae of Brugia malayi and Wuchereria ban- 
crofti have been found in jeyporiensis in The People's Republic of China (Hawk- 
ing 1973). Jackson (1936b) recorded a W. bancrofti infection rate of 1.9% in 
jeyporiensis from Hong Kong. Feng (1933) reported Herpetomonas culicis in 
1 or 30 jeyporiensis from Amoy, China. Culicoides anophelis was reported as 
attacking jeyporiensis by Ratanaworabhan (1975). 


ANOPHELES (CELLIA) MINIMUS THEOBALD 
(Figures 3-6, 16-18; Tables 2, 5-7, 11, 17) 


Anopheles minimus Theobald 1901: 186 (¢*); Theobald 1907: 126 (? = 
Pyvretophorus); Theobald 1910: 85 (type-info.); Christophers 1916: 

473 (tax.); Barnes 1923a: 123 (distr.); Strickland 1924: 149 
(o*, 2*, P, L*, = funestus); Evans 1930: 587 (o*); Liu, Fang and Hu 
1959: 154 (¢*, L*, tax.); Krishnaswami 1961: 91 (biol. distr. ); 
Khin-Maung-Kyi 1970: 205 (biol., distr., vector status). 

Anopheles vincenti Laveran 1901: 993 (2); Theobald 1910: 84 (tax.); Edwards 
1932: 52 (tax., ? = minimus); Christophers 1933: 216 (tax., ? = 
aconitus); Treillard 1934: 750 (tax., ? = minimus); Reid 1947: 88 
(type-info., = minimus). 


Harrison: Myzomyia Series of Anopheles in Thailand 79 


Anopheles formosaensis I Tsuzuki 1902: 288 (“, £); Donitz 1903: 233 
(renamed); Christophers 1916: 473 (= minimus). 

Anopheles christophersi Theobald 1902b: 378 (¢*); Edwards 1913: 222 (tax.); 
Christophers 1915: 380 (“*); Edwards 1915, im Ludlow 1915: 156 
(= minimus). 

Anopheles aconitus var. cohaesa Donitz 1903: 233 (nomen novum for 
formosaensis I Tsuzuki, Feb. 1902, non formosaensis II Tsuzuki, 
Feb. 1902). 

Pyretophorus minimus (Theobald), Giles 1904: 21, 36: Theobald 1910: 38 
(in part). 

Myzomyia christophersi (Theobald), Theobald 1907: 51 (tax.). 

Myzomyia christophersi var. alboapicalis Theobald 1910: 25 (%); Ludlow 
1915: 156 (= christophersi); Edwards 1915, in Ludlow 1915: 156 
(= minimus); Christophers 1916: 474 (? = aconitus); Christophers 
1924a: 50 (= minimus). 

Myzomyia minima (Theobald), Swellengrebel and Swellengrebel-de Graaf 
1920: 88 (¢); Yamada 1925: 447 (“, &, tax.); Treillard 1934: 750 
(tax. ). 

Anopheles (Myzomyia) minimus Theobald, Christophers 1924a: 49 (tax.); 
Sinton and Covell 1927: 305 (cibarium); Puri 1931: 148 (L*); Christophers 
and Barraud 1931: 183 (? E*); Christophers and Puri 1931: 488 
(7, 2*, L, distr. ); Edwards 1932: 52 (tax.); Kine 1932::485 (o*, 9. 
L*); Morishita 1932: 331 (E*); Christophers 1933: 209 (o'*, 2*, P, L, 
E); Toumanoff 1936: 149 (¢, 2*, L, tax. ):'Ho 1938: 393 (¢*, 2%, distr:); 
Bonne-Wepster and Swellengrebel 1953: 369 (o"*, 2*, L*); Hara 1959: 
110 (2 genitalia*); Khin-Maung-Kyi 1971: 477 (distr. ). 

Anopheles minimus subsp. X Baba 1951: 11 (= unavailable name per Art. 11 
(oi, ICZN), 

Anopheles (Cellia) minimus Theobald, Stone, Knight and Starcke 1959: 49 
(tax. ); Peyton and Scanlon 1966: 1 (2*, key); Scanlon, Peyton and Gould 
1968: 25 (checklist); Reid 1968: 314 (o*, 9*, P*, L*, E*, key, tax.); 
Rattanarithikul and Harrison 1973: 2 (L*, key); Knight and Stone 1977: 
46 (tax. ). 


The pupa and 4th-stage larva of minimus are the diagnostic stages for 
identification in Thailand. The earlier records (see Taxonomic Discussion 
section) of fluviatilis in Thailand are not accepted here based on variations 
observed in minimus, thus, difficulties in separating the immature stages of 
these 2 species are not important. Consequently, larvae or pupae possessing 
large, branched and laterally placed seta 0 on the abdominal segments can be 
immediately identified as minimus. On the other hand, females of minimus do 
not possess totally reliable characters, but, 90-95% of any given group of 
specimens from Thailand can usually be identified by the above key and the 
characters presented below. Adult males should be identified by,associated 
immature skins because wing characters on male aconitus, minimus, pampanai 
and varuna are often nearly identical. In particular, aconitus males normally 
have vein 1A with 2 dark spots as found on minimus males, and the pale fringe 
spot at the apex of 1A, when present on male aconitus, is very hard to see. 
The egg and its variations are poorly known, and for this reason should not be 
used to identify minimus. This species is similar to aconitus except for: 

FEMALE (Figs. 3-6, 16, Tables 5-7). Head, Antennal flagellomeres 1, 2 
with pale scales on mesal surfaces, flagellomere 3 often with pale scales; 
proboscis with slightly erect dark scales at base, usually dark decumbent 
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scales on remainder, infrequently with small distoventral patch of pale 
scales; forefemur/proboscis ratio 0.84-0.90, 0.87 mean (10 females); palpus 
with dark erect scales at base and on segment 2, with decumbent scales on 
remainder; palpus color pattern highly variable, usually with 3 silver-white 
bands, banding similar to aconitus, except the 2 most apical pale bands are 
usually nearly equal length and separated by a dark band nearly equal to the 
pale bands; apical 0.30-0.35 may be entirely white or primarily dark-scaled 
(see Variations section). Thorax, Integument brown, central portion of scutum 
nearly solid ash-gray, may have faint dark longitudinal lines in acrostichal and 
dorsocentral setal rows; fossa, scutal angles and supraalar areas dark brown; 
scutum with white, curved, slightly flattened seta-like scales back to scutel- 
lum, scales more prominent and obvious than those on aconitus; fossa usually 
without scales, infrequently with 1,2 pale scales; supraalar region often with 
several pale scales along mesal margin; prescutellar space bare, at least 
immediately cephalad of scutellum; pleural setae: 1 propleural, 1-3 spiracu- 
lar, 2-4 prealar, 3 upper and 3,4 lower sternopleural, 3-8 upper and 0 lower 
mesepimeral. Wing. Color pattern highly variable (see Variations section), 
pale markings white to silver-white, dark markings blue-black, common pat- 
tern follows. Costa with presector, sector, subcostal and preapical pale spots; 
remigium and R base pale to presector dark spot; R sector pale spot and acces- 
sory pale sector spot fused, or frequently separated by dark spot; preapical 
pale spot on C and R 1 infrequently reduced or absent; accessory pale spot on 
Ry preapical dark mark rare; Rg-R9,9 usually with pale scales at origin, 
adjacent to R4,5 origin and at Ro,3 fork, but pale spots rarely fused; Rg and R3 
with pale scales at origin and at tip; R4,5 with prebasal and preapical dark 
spots of variable size, base and apex pale, median pale area variable; My,9 
usually dark except origin and tip; Cu normally with prebasal dark spot and fork 
dark scaled; Cu, normally with 3 dark and 3 pale spots, pale spots at m-cu 
crossvein, between 2 most apical dark spots and at apex, infrequently median 
pale spot absent and vein primarily dark; Cuo dark at origin; 1A usually with 
base pale, small prebasal dark spot followed by pale area, distal 0. 5-0.6 dark- 
scaled, rarely very pale, dark except at base or with 3 pale areas; fringe spots 
at wing apex variable and generally similar to those on aconitus; Rg tip usually 
with pale fringe, dark fringe spot usually between Ro and Rg tips; 1A tip usually 
without pale fringe spot; hind margin of wing basal to 1A tip often with small 
patch of pale tertiary fringe scales, but primary and secondary fringe scales 
infrequently pale. Legs. Forefemur slightly thicker than other femora; tarso- 
meres with same pattern of dorsoapical pale patches as aconitus, but patches 
smaller, less obvious, often absent on hindtarsomeres. Abdomen. Unicolor- 
ous gray or brown, covered with numerous light tan setae. 

MALE (Fig. 16). Like aconitus male except: Head. Antennal flagellomere 
1 with gray scales on mesal surface; forefemur/proboscis ratio 0. 65-0. 75, 
0.69 mean (10 males); palpal pale areas silver-white instead of light yellow. 
Thovax. Scutal integument gray centrally, brown laterally; pale white seta- 
like scales obvious, extending back onto scutellum, more prominent than on 
female; prealar setae 2-5; lower sternopleural setae 3-6; upper midcoxal 
setae 2-6. Wing. Costal presector pale spot present or absent; R with sector 
pale and accessory pale sector spots often separated by dark spot; Ro, Rs, 
Mj1+2, M2 +4 usually without median pale spots; Cuz frequently dark distal to 
m-cu crossvein; tip of 1A without pale fringe spot. Genitalia. Basimere with 
brown to black scales; claspette usually with 1,2 short setae ventromesad of 
long apical seta; lateral club fused from 2-4 basal stems, rarely divided into 2 
separate clubs on each side; aedeagus usually with 3-5 leaflets on each side, 
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smallest leaflets like short spines; tergum IX with broadly rounded lateral 
lobes, median membranous portion covered with minute spicules; proctiger 
membranous, with nearly parallel longitudinal wrinkles, without minute spi- 
cules. 

PUPA (Fig. 17, Table 11). Integument clear to light brown, darker speci- 
mens with darkest pigmented areas on wing case, between trumpets and on 
metanotal plate; paddles usually clear or light tan. Cephalothovax. Moderately 
pigmented specimens with distinct vein lines on wing case. Trumpet. Dark on 
light specimens; meatus 0.24-0.39 length of trumpet. Metanotal Plate. Seta 
10-MP with 2,3 branches. Abdomen. Seta O0-III-VII long, strongly developed, 
usually with 2-7 branches (infrequently simple) on III-V, long with 1-3 bran- 
ches on VI-VII, positioned laterally on segments IV-VII, laterad of seta 2 and 
more directly cephalad of setae 4, 5; 9-IV-VII darkly pigmented, with finely 
tapered sharp tip, often flattened and curved; seta 3-I with 2-4 branches; 4-I 
with 7-9 branches; 9-I with 3-5 branches; 1-II with 17-44 branches; 2-II with 
4-7 branches; 3-II with 5-10 branches; 8-II absent or small, simple; 9-II 
small, simple, rarely bifid; 10-II absent or small, simple; 1-III with 11-26 
branches; 2-III with 6-10 branches; 3-III with 5-11 branches; 4-III with 4-7 
branches; 5-III with 9-13 branches; 7-III with 3-7 branches; 9-III clear, same 
color as segment integument, needle-like, 0.2-0.4 length of 9-IV; 1-IV with 
6-13 branches; 4-IV, 1-6 branches; 7-IV, 1-5 branches; 9-IV, 0.35-0. 44 length 
of segment IV, 0.63-0.88 length of 9-V; 1-V, 1-5 branches (usually simple); 
4-V with 3,4 branches; 9-V, 0.43-0.64 length of segment V, 0.65-0.89 length 
of 9-VII; 1-VI, 1-3 branches (usually simple); 2-VI with 3-6 branches; 4-VI, 
1-3 branches; 5-VI with 4-7 branches; 7-VI simple, very long, 0.85-1.24 
length of segment VI; 9-VI, 0.9-1.0 length of 9-VII, 0. 50-0. 72 length of seg- 
ment VI; 1-VII, 1-4 branches (usually simple); 2-VII with 3-5 branches; 4-VII, 
1-3 branches; 5-VII with 2-7 branches; 7-VII simple, very long, 0.83-1.11 
length of segment VII; 9-VII simple, rarely bifid, 0. 50-0. 59 length of segment 
VII; 9-VIII with 7-14 branches. Paddle. Usually light tan; refractile margin 
intermediate, 0.63-0.85 of distance from base to seta 1-P; paddle 1. 40-1. 55 
as long as wide; lateral fringe changing rather abruptly from spines to fila- 
ments at 0.9-0.7 of distance from base to seta 1-P; paddle fringe extending 
mesad of seta 1-P as short clear filaments, to mesal angle; seta 1-P, 0. 27- 
0.52 length of paddle. 

LARVA (Fig. 18, Table 17). Gray to dark brown, without distinct color 
pattern. Head. With brown pattern on.frontoclypeus like aconitus except an- 
terior transverse dark band absent and anteriorly projecting lateral longitu- 
dinal bands end approximately at seta 4-C level, pattern very similar to musi- 
cian's tuning fork, incomplete on paler specimens; antenna often brown, parti- 
cularly on distal 0.67, often paler on basomesal 0.33, 6.13-6.67 as long as 
widest point, with dark spicules on mesal and ventral surfaces; 1-A inserted on 
outer dorsal aspect, 0.18-0.30 from base; 4-A with 5-9 branches; 2-C simple, 
long; 3-C simple, 0.50-0.67 length of 2-C; 4-C simple (rarely bifid on one 
side), extending cephalad beyond base of 2-C; 6-C with 12-15 branches; 8-C 
usually dendritic, with 5-10 branches; 9-C with 4-7 branches, not dendritic; 
15-C with 7-11 branches. Thorax. Usually with 1,2 pairs of small submedian 
sclerotized plates on dorsum of mesothorax, plates of a pair may be fused; 
sclerotized bases of setae 1,2-P usually separate, if fused, narrowly connected; 
1-P with 18-28 branches; 2-P with 13-19 branches; 9-P with 10-15 branches; 
10, 12-P long, simple; 11-P short, with 2-5 branches; 1-M with 24-32 bran- 
ches; 4-M with 3-6 branches; 3, 5-M simple, with small sclerotized bases, 
bases may be fused; 9, 10-M long, simple; 12-M simple to trifid, branching on 
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distal half; 3-T with short thick stalk, 12-18 light brown lanceolate leaflets 
with blunt tips; 9-T with 4-10 branches; 10-T long, simple; 11-T small simple 
or bifid; 12-T with 3-5 branches from near base. Abdomen. Anterior tergal 
plates on II-VII very large, usually 0.55-0.75 width of segment, enclosing 
small median posterior tergal plate; occasionally posterior tergal plate sepa- 
rate on II-III (particularly II) and posterior margin of anterior tergal plate II 
concave; lateral margins of anterior tergal plates tapered, often broadly 
rounded; small oval submedian plates usually present on I-VII, separate from 
anterior tergal plate, infrequently absent; 0-III-VII well developed, largest on 
IV-V, arising just off, but adjacent to posterolateral edge of anterior tergal 
plate, infrequently arising on tergal plate adjacent to edge on VI, VII; 0-II, VI- 
VII, with 1-3 branches from near base, usually bifid; 0-IV-V with 2-5 branches 
(usually 3) from near base; 1-I-VII with brown, well developed leaflets with 
distinct shoulders and long slender filaments, leaflets often with dark pigment 
patch just basal to shoulders; seta 1-I with 11-16 leaflets; 2-I with 3-6 bran- 
ches; 9-I with 5-7 branches; 1-II with 13-18 leaflets; 5-III with 5-8 branches; 
9-III with 6-8 branches; 13-III with 6-11 branches; 6-IV with 3 branches; 13-IV 
with 5-7 branches; 5-V with 9-11 branches; 6-V with 3 branches; 13-V with 3-5 
branches; 1-VII with 16-21 leaflets; 2-VII with 2-4 branches; 2-VIII with 8-14 
branches; pecten plate with 4-7 long and 6-10 short teeth; seta 1-S with 8-12 
branches; 2-S with 7-11 branches; seta 1-X simple, long, 1.24-1.84 dorsal 
length of saddle; 2-X basal branches curved, with slender filamentous tips. 

EGG. Not well known and needing further study. The following is from 
Reid (1968). "Length about 0.41 to 0.43 mm with 18-25 ribs on the floats."’ 
Other references are Morishita (1932) (upon which Reid based his description) 
and Wu (1936). Christophers and Barraud (1931) were not certain of the identity 
of the minimus (?) eggs they illustrated. 

TYPE-DATA. This species was described from a single female in Dr. Rees' 
collection from Pokfulam, Hong Kong (Theobald 1901). The specimen was still 
extant in 1907 because Theobald (1907) noted, ''The type is too denuded to place 
it generically until fresh material is received.'' However, Theobald (1910) 
notes ''The type of this species I placed in the British Museum collection as far 
as I can remember. It is not there now, however.'' Yamada (1925), while 
examining types in European museums, notes "'type of minimus Theobald has 
been probably lost.'' I found no trace of the type in the BMNH in 1972. The 
holotype of minimus, unless it still exists in a private collection should be 
considered non-extant. Actually since this species was well described and can- 
not be confused (see Taxonomic Discussion regarding fluviatilis) with any other 
species in the vicinity of Hong Kong, a type-specimen is not currently essential. 
If a neotype is ever needed, numerous adults with associated immature skins 
collected only 20-22 km from Pokfulam (Hong Kong Island) in Sai Kung District, 
New Territories, are deposited in the USNM. 

The type-specimens (syntypes) of vincenti Laveran, are located in the 
Institut Pasteur, Paris (PIP), where Reid (1947) found them. These speci- 
mens (3 females) are mounted in balsam on a slide under one coverslip with 
2 additional females (probably jeyporiensis). This slide has the following label 
data: "A. vincenti, H°Tonkin, Van Linh"; and was labeled ''Type material" by 
Reid in 1946. I examined these specimens in 1972 and agree with Reid's, 
identification of them as minimus. Two additional Laveran slides labeled vin- 
centi are also in the PIP, and each contains 6 adults. Beside minimus and 
jeyporiensis there also appear to be specimens of vagus or subpictus and 
maculatus on these 2 slides. These 2 slides are not considered type-material 
because they bear labels, 'Dong Dang, Tonkin", which was not mentioned in the 
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original description. The name vincenti is a junior synonym of minimus by 
only 6 days. Theobald's Volume I (containing minimus description) and II were 
"tabled" and released for sale on 23 November 1901, while Laveran's names 
(including vincenti) were published (available) as of 29 November 1901. 

The syntypes of formosaensis I consist of one female and one male mounted 
in balsam (?) on separate slides. Both slides have the following labels: (1st 
label) - in Japanese, undeciphered; (2nd label) - ''Recd. From F. V. Theobald 
1910-396;"' (3rd label) - "'A. formosaensis I. Tsuzuki;"’ and (4th label on 
underside of slide) - '' = minimus see Christophers Ind. Med. Res. Mem. 3, 

p. 49. 1924."’ The last label appears to be J. A. Reid's handwriting. The 
female is here designated as lectotype. This specimen has: the apical pale, 
preapical pale and preapical dark palpal bands nearly of equal length; proboscis 
dark scaled; base of costa without presector or humeral pale spots; vein 1A 
with 2 dark spots and without a pale fringe spot on the wing margin; vein R with- 
out separate accessory sector pale spot; vein R4,5 with large subbasal dark 
spot; and vein Cuy with 2 dark spots distal to m-cu crossvein. These are all 
characters commonly found on minimus, therefore I am considering this nomin- 
al taxon a synonym of minimus. According to the ICZN (Stoll et al. 1964) the 
renaming of this nominal species to variety cohaesa by Donitz (1903) was un- 
justified. Possibly Donitz considered formosaensis I and formosaensis II as 
homonyms, however, in Art. 32(c) of the code these would be incorrect original 
spellings that do not satisfy the provisions of Art. 26(b). If the numerals are 
spelled out in Latin [Art. 26(b)] and joined to the end of 'formosaensis, "' the 
names are quite different and cannot be considered homonyms. 

The description of christophersi was based on 2 females from ''Duars 
India" (Theobald 1902b). Both specimens are in the BMNH, one female in 
excellent condition (except rubbed scutum and a trace of fungal hyphae) on a pin 
mount, while the other female is represented by only 2 wings, each dry mounted 
under a coverslip on a separate slide. The pinned syntype has the following 
- label data: (1st label) - "Duars, Calcutta, Christophers;"' (2nd label) - 'Ano- 
pheles christophersi (Type) Theobald;"' and (3rd label) - my personal minimus 
identification label. The label data for the syntype wing slides follows. The 
right wing slide has 2 labels; (1st) "'Culicidae '' [Theobald's handwriting in ink] 
''=minimus" | in pencil]; and (2nd) "Culicidae'' [machine printed] ''? wing from 
the ''Duars' India 'Malarial carrier''' |Theobald's handwriting]. The slide 
with the left wing has 2 labels: (1st) - ''Anopheles christophersi n. sp. 2 Theo- 
bald" [Theobald's handwriting]; and (2nd) - 'Duars India, Malaria carrier, 
Desc. Royal Soc. Lond." |Theobald's handwriting]. The left wing slide is ap- 
parently the one shown for christophersi on plate 5 in the original description. 
An additional female from ''Duars Christophers" was also found in the BMNH, 
however, this specimen (covered with fungal hyphae) was not marked as a type 
by Theobald and is not considered a syntype. According to recommendation 
74B, ICZN, a syntype which has been figured, e.g., left wing slide above, 
should be chosen as the lectotype for a species. I will not follow this recom- 
mendation in this case for the following reasons: (1) the only syntype that can 
definitely be identified is the pinned female, because wing characters (other 
syntype) are not diagnostic for members of this group; and (2) I am assuming 
that the 2 above wings (slides) came from the same specimen, and if so, the 
right wing has at least one aconitus-like character, i.e., 3 dark spots on 1A, 
thus, since aconitus does occur in the ''Duars" area the identify of these wings 
is questionable. Accordingly, I here designate the pinned female syntype of 
christophersi as lectotype for this nominal species. This specimen is readily 
identified by its combination of labels (above). The lectotype agrees with mini- 
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mus in nearly every respect, i.e., no pale scales on proboscis, 1A with 2 dark 
spots on both wings and without apical pale fringe spots, costa with presector 
pale spot on both wings, R4,5 with prebasal and preapical dark spots and pal- 
pi with preapical dark band about half the width of the apical and preapical pale 
bands. 

The holotype for variety alboapicalis Theobald, 1910, is also located in the 
BMNH. This female has the following label data: (1st label) - 'Type;" (2nd 
label) - ''Myzomyia listoni var. alboapicalis n.v. type F. V. T.;" (3rd label) - 
"Meenglas, Jalpaiguri, Duars, India 3-VII-1907, C. Wallich;"’ (4th label) - 
"Recd. from F. V. Theobald 1910-396;"' and (5th label) - my personal minimus 
identification label. The specimen is in poor condition with only 2 hindlegs and 
one midleg remaining. In addition, the head with proboscis and palpi (antennae 
lost) is glued to a cardboard riinuten stage below the remainder of the speci- 
men. Theobald described this variety because of the ''two very broad white 
apical bands, almost uniting" on the palpi. This can be seen from one side, 
however, the preapical dark band is wider when viewed from the other side. 
Theobald apparently overlooked a patch of pale scales on the venter of the pro- 
boscis, which caused Christophers (1916) to consider this specimen as possibly 
equal to aconitus. I have examined this specimen and it cannot be varuna be- 
cause it has dorsoapical pale scales on the midtarsomeres and a separate acces- 
sory sector pale spot on vein R. I have not seen these 2 characters on varuna, 
The majority of characters indicate it is minimus with a ventral patch of pale 
scales on the proboscis (see Variations section). 

DIST RIBUTION (Fig. 17). Anopheles minimus, likeaconitus, hasavery wide 
distribution inthe Orient. However, minimus seems better adapted to temperate 
conditions and occurs up to 30°N latitude in India and the People's Republic of 
China, and probably does not occur further south than 6°N latitude. In con- 
trast, aconitus thrives in Indonesia on and south of the equator, and probably 
only manages to reach 25-26°N latitude in Nepal. The range of minimus ap- 
pears to extend from Uttar Pradesh down to the northeastern tip of Andhra 
Pradesh in India across the Indochina-Malay peninsular countries down to the 
Thai-Malay border and north across the People's Republic of China (up to 30°N 
latitude) to Taiwan and the Ryukyu islands. A more precise distribution follows: 
BANGLADESH; BURMA; CAMBODIA; INDIA (Andhra Pradesh, Assam, Bengal, 
Bihar, Orissa and Uttar Pradesh); JAPAN (Ryukyu islands - Miyako and Yae- 
yama Gunto); LAOS; PENINSULAR MALAYSIA (Perlis); NEPAL; PEOPLE'S 
REPUBLIC OF CHINA (Chekiang, Fukien, Hunan, Kiangsi, Kwangsi, Kwang- 
tung including Hainan Island, Kweichow, Szechwan and Yunnan); TAIWAN; 
THAILAND; and VIETNAM. The above distribution is quite conservative in 
comparison to that of some other authors, e.g., Reid (1968). This difference 
is due, in part, to the elevation of flavirostris to species status (Baisas 1957, 
1974), which eliminates the Philippines and Indonesia from the minimus distri- 
bution. Although there are old published records of minimus sensu stricto, 
based on adults, from Sumatra and Java, I suspect these will prove to be flavi- 
rostris when the pupal stage (diagnostic for these 2 species) is examined. 
Another reason the above distribution is conservative is because I used only 
confirmed records (Christophers and Puri 1931, Christophers 1933) of this 
species from India. Christophers (1933) also noted other unconfirmed records 
from southern India and Sri Lanka (as Ceylon) and more recent authors, e.g., 
Krishnaswami (1961), have tended to use the broader distribution. More re- 
cent large scale collections from Madras (Reuben 1971, Rahman et al. 1975), 
Madhya Pradesh (Prakash and Husainy 1974a) and Sri Lanka (Harrison et al. 
1974) failed to collect minimus, and thus support the Christophers and Puri 
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(1931) distribution of minimus in India. Carter (1950) noted that he had not 
seen minimus from Sri Lanka (as Ceylon) even though Christophers (1933) 
recorded it from there. Most of the southern Indian records for minimus 
originated during the period 1915-30, when there was considerable controversy 
about the names of the members of the Minimus Group. These early records 
were probably based on varuna, which looks very much like minimus and was 
not described until 1924. 

The first references to minimus in Thailand were Barnes (1923a,b), who 
collected one female in Bangkok. This record was simply repeated by Christo- 
phers and Puri (1931), however, Anigstein (1932) found minimus common in 
the northern and certain southern regions of Thailand. Payung-Vejjasastra 
(1935) incriminated (by dissection) minimus from Nakhon Si Thammarat (Tung 
Song), as a vector of human malaria parasites. Causey (1937), using a light 
trap, confirmed Barnes’ earlier record of minimus from Bangkok, but was 
not able to find larvae of this species. De Fluiter (1948) and Wilson and Reid 
(1949) reported they collected minimus in the vicinity of prisoner-of-war 
camps in western Thailand (Kanchanaburi) during World War II, and that they 
suspected this species was a vector of malaria parasites at that time. In 1949, 
an intensive antimalaria campaign was started in Thailand which rejuvenated 
mosquito surveillance programs. Consequently, as noted by Scanlon, Peyton 
and Gould (1968), there are records of minimus from many Thailand provinces 
in the files of the Ministry of Public Health. Scanlon, Peyton and Gould (1968) 
recorded minimus from 12 provinces in Thailand, and an additional 8 provinces 
can be added to the list from this study. This species is recorded from the 
following 20 provinces of THAILAND: Chiang Mai, Chon Buri, Kanchanaburi, 
Lampang, Loei, Lop Buri, Mae Hong Son, Nakhon Nayok, Nakhon Ratchasima, 
Nakhon Sawan, Nan, Phattalung, Phitsanulok, Phrae, Prachin Buri, Rayong, 
Sara Buri, Trang, Ubon Ratchathani and Yala. The specimens from Trang 
(collected in 1959-60) were found in the Malaria Eradication Training Center 
collection, Manilla, Philippines, and the BMNH. The old records of minimus 
from Krungthep Maha Nakhon (= Bangkok) are not continued here, as the en- 
vironment in the central rice plain area surrounding Bangkok has been drasti- 
cally altered in the last 30 years, and minimus has not been recorded from the 
area since Causey (1937). 

Anopheles minimus is known as an inhabitant of hilly regions with small 
cool clear-water streams and this is precisely the habitat in which it most 
often occurs in Thailand. This species should be expected in most foothill- 
mountainous areas. In the past minimus was probably able to invade broad 
valley areas, e.g., Chiang Mai, Bangkok and southern Thailand, but in recent 
years increasing pollution and the DDT house-spray malaria control program 
have eliminated it from such less typical habitats. One area which clearly 
shows this trend is most of southern Thailand where minimus is now either 
very uncommon or has been eliminated. Iyengar (1953) did not collect mini- 
mus during his filariasis survey in southern Thailand, and personal collections 
in 6 southern provinces in 1969 failed to produce any specimens of minimus 
(see Bionomics section). Sandosham et al. (1963) failed to find minimus in 
Perlis, Malaysia, just south of the Thai border, where Reid (1950b) first 
recorded this species in Malaysia, and speculated that minimus in Perlis had 
been eliminated by the malaria spray program. The distribution of minimus 
on the Korat Plateau is unknown due to limited collections. Since the plateau 
is primarily a flat rice growing region, minimus is probably absent in most 
areas and confined to the hilly-mountainous border or isolated hilly areas. 
Additional information pertinent to the distribution of this species can be found 
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in the BIONOMICS section. 

A total of 16,049 minimus specimens were examined during this study 
(1,5750, 6,9512, 1,100 larvae, 2, 981 larval skins and 3, 442 pupal skins). 
Specimens examined from THAILAND include 479°, 5, 652°, 603 larvae, 954 
larval skins and 1,148 pupal skins from adult and immature collections; and 
7650, 8549, 77 larvae, 1,387 larval skins and 1, 572 pupal skins representing 
progeny from 137 females collected in Sara Buri Province. Additional speci- 
mens (331%, 4452, 420 larvae, 610 larval skins and 722 pupal skins) were 
examined from the following countries: BURMA; CAMBODIA; HONG KONG; 
INDIA; JAPAN (Ryukyu islands - Miyako and Yaeyama Gunto); PENINSULAR 
MALAYSIA (Perlis); NEPAL; PEOPLE'S REPUBLIC OF CHINA; TAIWAN; 
and VIETNAM. Included among these last specimens were the type-specimens 
of formosaensis I, christophersi, and var. alboapicalis in the BMNH and the 
type-specimens of vincenti in the PIP. Included in the Hong Kong specimens 
were 312° and 3982 with associated immature skins and 420 larvae which 
were collected and reared in Sai Kung District of the New Territories, in 
1969. These specimens were collected specifically for a study of variations 
occurring on topotypic minimus specimens (see Variations section). 

VARIATIONS (Figs. 3, 6; Tables 5-7, 11, 17). This is another highly 
variable species, which because of its variability and similarities to other 
members of the Myzomyia Series, has often been misidentified. These varia- 
tions can cause minimus to resemble aconitus, flavirostris, fluviatilis, man- 
gyanus or varuna with all degrees of intermediacy. Since minimus is a 
renowned vector of human malaria parasites this identification problem can 
be a real hindrance to public health officials. 

Early workers such as Christophers (1916), Iyengar (1924) and Strickland 
(1924) recognized minimus as variable, however, due to taxonomic instability 
and vacillating synonymy listings their definition of mznimus is uncertain. In 
the 1930's, this instability was mostly resolved by: Evans (1930), who showed 
that funestus from Africa was distinct from the Oriental species; King (1932), 
who evaluated variations found on females, male genitalia and larvae of mini- 
mus and who firmly established the identity of the 3 Philippine members of 
the series; Edwards (1932), whose catalog resolved most of the problems of 
synonymy; and Christophers (1933), whose thorough descriptions and species 
treatments remain a major reference to this day. Christophers recognized 
minimus as having variable palpal banding (but not pale on distal third or like 
those of fluviatilis), proboscis dark or with small ventral pale area, vein 1A 
rarely with a pale fringe spot, the costa presector pale spot very constant, 
Cuj usually with 2 dark spots beyond the m-cu crossvein and the remaining 
wing characters too variable. Toumanoff (1936) conducted an analysis of 
variations occurring on the wings of 400 wild female minimus from northern 
Vietnam compared with 100 females from southern Vietnam. His results 
showed the southern specimens with paler wings. Some specific differences 
included: (1) costa with presector pale spot, 61% north, 100% south; R sector 
pale spot fused with accessory sector pale spot, 77% north, 100% south; Cuyz 
with 2 dark spots (versus 1) distal to m-cu crossvein, 58% north, 92% south; 
1A with 2 dark spots, 90% north, 100% south; and 1A without pale fringe spot, 
95% north, 100% south. Toumanoff also noted that 2% of the northern minimus 
larvae had seta 4-C bifid, instead of simple. One bias found in Toumanoft's 
data during the present study was the probable inclusion of pampanai specimens 
among his "minimus" (see pampanai Variations section). Ho (1938) found 
similar variations ina series of only 14 females of minimus from Hainan 
Island. Ho was apparently the first to note that minimus palps can vary from 
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entirely pale on the distal third to like those of fluviatilis (this latter variation 
had previously been noted (Evans 1930) on one minimus female from Hong 
Kong). In fact, Edwards (1935) recorded fluviatilis from Hong Kong (see fluvia- 
tilis section). Macan (1948) found minimus adults from western Burma very 
variable and arrived at the same conclusion as Toumanoff (1936), i.e., the 
only constant character to differentiate aconitus from minimus is the pale 
proboscis on aconitus. An outstanding study was conducted by Liu et al. 
(1959) in Yunnan Province, People's Republic of China. These authors, after 
years of identifying adults as varuna based on the absence of a costa presector 
pale spot, but never finding vavruna larvae, conducted an analysis of the pre- 
sector spot character on progeny reared from wild females and confirmed by 
their associated larval skins. They determined that 81.5% (4, 302/4, 945) of 
the wild minimus in their study lacked a costa pale presector spot and thus, 
would be called vavuna. Of the reared progeny, 89.8% (123/137) lacked the 
presector pale spot, and progeny from a given wild female exhibited both 
extremes and the intermediate state, i.e., presector pale spot on one wing, 
but absent on the other. Liu et al. concluded: the varuna-like adults were 
actually minimus; the study of progeny adults with associated immature skins 
was essential for solving such problems; and the same minimus variations 
found in Yunnan also occurred in Kweichow Province. Reid (1968) also has a 
good discussion of the variations occurring on minimus adults and larvae, 

and the status of flavirostris as a subspecies of minimus. Prior to Baisas 
(1974) and Knight and Stone (1977), flavirostris was generally considered a 
subspecies of minimus, even though Baisas (1957) suggested that it be eleva- 
ted to species status. Now that flavirostris has been separated from minimus, 
the variations on minimus are more easily defined. 

My search for variations on minimus involved the examination of wild 
females and progeny from wild females for 22 different characters, primarily 
on the wings. A total of 2,264 female minimus collected as adults or reared 
-from 4th-stage larvae were examined from Thailand. These specimens ori- 
ginated from collections (January 1968-June 1970) in Chiang Mai, Lop Buri, 
Nakhon Nayok and Sara Buri provinces. An additional 449 females collected 
as adults or reared from 4th-stage larvae, were examined from the New Ter- 
ritories, Hong Kong. These specimens (mostly reared) were collected in 
October 1969, by the author and Mr. Prajim Boonyakanist, so that variations 
could be analyzed for topotypic minimus. Progeny examined included 854 fe- 
males and 765 males reared with associated immature skins from 137 wild fe- 
males collected in Sara Buri Province, Thailand. These progeny exhibited the 
same broad pattern of variations as seen on aconitus progeny. Progeny from 
a given female were highly variable, not having any particular set pattern, 
including one similar to that of the female parent. Although a wide spectrum 
of different wing, proboscis and/or palpal variations appeared in single broods, 
the average number of variations occurring per minimus brood was less than 
that occurring per aconitus brood. This reduction was probably a reflection of 
fewer minimus surviving to adult in each brood. Anopheles minimus sibling 
broods averaged nearly 12 adults reared, while aconitus broods averaged 
almost 21 adults. Only a few "'clinal"' trends as discussed under aconitus, 
were detected in the wild adults in Thailand. Furthermore, there was little 
evidence of the effect of temperature on characters of reared progeny. How- 
ever, this could also be due to the low survival rate of minimus and sampling 
bias. Some differences between the Hong Kong and Thailand specimens may 
be indicative of clinal color trends. 

Table 5 shows the frequencies for 12 selected characters on minimus. 
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These characters have been and are still important in differentiating mznimus. 
However, as with aconitus, there are no totally reliable characters that will 
identify every specimen. Thus, workers in the field should not rely on only 
1,2 characters, e.g., PSP on costa and/or dark proboscis, but should use at 
least 3-5 characters, e.g., proboscis PSP on costa, Rog without median pale 
spot, 1A with 2 dark marks and 1A without pale fringe spot. 

Examination of 449 wild Hong Kong minimus revealed only 16 of the 22 
variations found on 2, 264 wild Thailand specimens, which in part, may bea 
reflection of the number of specimens sampled. However, a number of the 
differences in character frequencies between these 2 populations were found 
significant, even highly significant (x2 with df = 1), indicating factors besides 
sample size were involved. An increase in the hypermelanic traits (fluviatilis - 
type palps, dark proboscis, fewer pale palps, Rg or Re without median pale 
spot, Cu, dark marks, 1A without pale fringe spot, R sector and accessory 
sector pale spots separate and R4,5 with prebasal dark spot) on the more 
northern (23° N latitude) specimens from Hong Kong, compared with Thailand 
specimens (14-19° N latitude) offers good evidence for a color cline in minimus 
characters as found on aconitus. A darkening trend in minimus in the more 
northern latitudes is also supported by Toumanoff (1936) and Liu et al. (1959). 
Actually, minimus in Hong Kong appears less variable than in Thailand, pos- 
sibly suggesting the habitat in Thailand is more optimum. 

The frequency of minimus specimens from Hong Kong exhibiting fluviatilis - 
type palpi offered good evidence for eliminating fluviatilis records from Hong 
Kong. Such specimens were infrequent, always reared from typical minimus 
larvae and pupae and always mixed in with regular minimus specimens as well 
as some specimens having palpi intermediate between fluviatilis and minimus. 
The absence of collections consisting of large numbers or entirely of fluviatilis 
from Hong Kong as well as Thailand indicates fluviatilis does not occur in these 
2 countries. See fluviatilis section for further discussion. 

Several minimus females from Hong Kong had a varuna-like habitus like 
those reported by Liu etal. (1959), however, the associated immature skins 
were used for confirmation. This situation was encountered more frequently 
in Thailand, and has been responsible for several false records of varuna. 

Some additional or unusual wing variations seen on wild female minimus 
from Hong Kong (HK) and Thailand (T) include: costa with prehumeral or 
humeral pale spot, HK-0.007 (3/449), T-0.013 (30/2264); Ry with accessory 
pale spot on preapical dark mark, HK-0.031 (14/449), T-0.018 (40/2264); 
R45 nearly entirely dark, HK-0.007 (3/449), T-0.003 (7/2264); My,9 with 
pale median spot, HK-0.0 (0/449), T-0.014 (32/2264); Cu without basal dark 
mark, HK-0.007 (3/449), T-0.004 (8/2264); 1A entirely dark except at base, 
HK-0.007 (3/449), T-0.025 (56/2264); 1A without basal dark spot, HK-0.018 
(8/449), T-0.003 (7/2264); costa with preapical pale spot very small or absent, 
HK-0.022 (10/449), T-0.009 (21/2264); R with accessory pale spot between 
sector and subcostal pale spots, T-(3/2264); and costa with pale spot between 
subcostal and preapical pale spots, T-(2/2264). Most of these variations 
were also seen on the Thailand progeny specimens. 

Differences were found in the frequencies of several characters checked on 
male and female progeny. Those of most interest were: costa with prehumer- 
al and/or humeral pale spots - 2 - 0.025 (21/854), “ - 0.013 (10/765); costa 
with presector pale spot (Table 5); Ry with pale spot on preapical dark mark - 
2 - 0.040 (34/854), & - 0.008 (6/765); Ro and/or Rg with median pale spot 
(Table 5); Cuz with one long dark mark beyond the m-cu crossvein (Table 5); 
1A with 3 dark spots (Table 5); and 1A with pale fringe spot (Table 5). For all 
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characters checked, males were darker than females, possessing fewer pale 
spots and larger dark marks. This trend was also found on aconitus males, 
which usually look very similar to minimus. 

Morphologically deformed variants were found among wild females and 
adult progeny of minimus, but not as frequently as in aconitus. No attempt 
was made to isolate these traits. Five of the traits appear identical to vari- 
ants seen on aconitus (see aconitus discussion for heritability status). These 
5 traits and their recovery rates in minimus were: (1) Short palps - 1/2, 264 
wild females, 17/854 progeny females and 1/765 progeny males; (2) Wartoid 
or warted palps - 2/2, 264 wild females, 6/854 progeny females and 8/765 
progeny males; (3) ?Unilateral or uneven palps - 1/2, 264 wild females; (4) 
Anal vein interruption - 5/854 progeny females and 1/765 progeny males; 
and (5) Mg, 4 interruption - 2/765 progeny males. An additional variant was 
found that appears to be identical to a trait isolated in Aedes aegypti (Vandehey 
and Craig 1962) and was also found on a single specimen of An. guadrimacula- 
tus (Kitzmiller and Mason 1967). This trait, notch wing, was found on one 
wing of one female from Hong Kong. Eventually all of these traits will pro- 
bably be found heritable and of use in cytogenetic studies. 

The primary pupal variations involve setal branching (see Table 11). The 
color of minimus pupae ranges from nearly transparent to dark brown. Darker 
specimens are not uniformly pigmented as are aconitus pupae, but have a pat- 
tern of darkened areas on the cephalothorax and the metanotal plate. These 
specimens have a dark area dorsally in the vicinity of setae 4,5-CT, dorsally 
between the trumpets and dorsally on the metanotal plate. The male genital 
lobes are unicolorous instead of having transverse dark bands. Strickland 
(1924), probably the first to describe minimus pupae, noted that Assam speci- 
mens had seta 1-V-VII (as submedian) long and simple or double. However, 
Reid (1968) stated that seta 1-V is usually branched on minimus, compared to 
simple on fluviatilis. This seta is usually simple on Hong Kong or Thailand 
minimus, While this seta may have up to 5 branches, it was simple in 32 of 
00 setae examined from Thai minimus pupae. 

Larvae of minimus were found to be more variable than anticipated. 
Although exceptions to the key characters were found, these characters were 
still valid for 99% of Thailand specimens. Some notable variations were: seta 
4-C bifid (8/1, 141), 3 on both sides; 1,2-P bases fused (narrowly) on approxi- 
mately one-third of the specimens examined; 0-IV, V with 2-5 branches (mode 
3); 0 rarely arising from the anterior tergal plates on VI, VII and one specimen 
on IV-VII; anterior tergal plate II concave on the caudal margin with separate 
posterior tergal plate with a 0-85% frequency (usually low) depending on the 
collection. Btittiker and Beales (1959) indicated the bases of 1,2-P were nor- 
mally separate and that anterior tergal plate II was usually convex posteriorly 
and enclosing the posterior tergal plate on minimus. However, a significant 
proportion or even majority of larvae from given collections examined here 
had 1,2-P bases fused and ATP-II concave on the caudal margin. The degree 
of sclerotization of these characters (also including small mesothoracic sub- 
median plates) may be influenced by some unknown environmental factor(s) 
(also see aconitus Variations discussion). Reid (1968), following Christophers 
(1933) suggested that fluviatilis averages more branches (2-5) on seta 0-III-VII 
than minimus. However, Thailand minimus typically have 0-IV, V with 2-5 
branches (mode 3), while 0-III, VI-VII is usually simple to 3, 4 branches (mode 
2). I currently do not know any characters to separate the larvae of these 2 
species. 

A number of anomalous setal variations were seen on minimus larvae, 
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including: 2-C bifid; 2-C flattened and leaflet-like; 3-C bifid or with a lateral 
branch; 4-C dendritic with 6 branches like a frontal seta; 8-C bifid; and 9-C 
arising next to 8-C on the frontoclypeus. DeBurca and Forshaw (1947) found 
182 of 357 fluviatilis larvae with bifid 3-C and/or 2-C during the cold winter 
months (30° N latitude) in Uttar Pradesh, India. Further south (18° N latitude) 
in Maharashtra where the temperature was much milder during the winter, 
they found only 10 of 250 larvae with such variations. These authors also 
noted hypermelanism on adult. fluviatilis wings during the cold months and 
called these wing and the above larval variations, 'winter variations.'' High 
frequencies of minimus "winter variants" have not been detected in Thailand, 
which only extends to about 21° N latitude. 

Characters on adults and immatures of minimus in Thailand and Hong Kong 
were found highly variable during this study. These variations, like those 
found on aconitus, appear to be of a continuous nature, with numerous inter- 
mediate character states and offering no evidence of polymorphism. Anopheles 
minimus is apparently occupying a near optimum habitat in central and north- 
ern Thailand, and this is reflected in its phenetic plasticity. Previous studies 
in the People's Republic of China and Vietnam suggest that minimus becomes 
more melanistic with increasing northern latitude. This study provides addi- 
tional data, i.e., comparisons of character frequencies between Hong Kong 
and Thailand specimens, supporting this trend. Despite the variations outlined 
above, a majority of females from any given collection in Thailand should be 
identifiable on the basis of the key characters. A few specimens, however, 
will be intermediate and best identified as Minimus Group. 

TAXONOMIC DISCUSSION. Anopheles minimus is still a common species 
in many of the central and northern foothill and mountainous areas of Thailand. 
Wherever it is encountered certain individual adult females may be very diffi- 
cult to identify due to overlapping variations with other members of the Minimus 
Group. During this study minimus females have been found in Thailand with a 
habitus identical or nearly identical with that described for filipinae, flaviros- 
-tris, fluviatilis, mangyanus and varuna. In each case (except for fluviatilis , 
see p. 21), however, associated larval and pupal skins have shown these 
specimens to be minimus, In the case of varuna-like specimens, the adults 
also had typical minimus foretarsomere pale bands or dorsal spots. The /lu- 
viatilis -like adults were identified as minimus because they had a habitus 
identical with that of infrequent progeny adults reared from ''typical'' minimus 
mothers. In addition, fluviatilis-like adults are rarely collected in Thailand, 
and then only as individuals, never in groups. Specimens having a habitus 
nearly like aconitus are not uncommon. However, these specimens have at 
most a small ventral pale patch of scales on the distal half of the proboscis, 
rather than the extensive pale scales normally found on the proboscis of aconi- 
tus. On the other hand, infrequent aconitus may have reduced pale scaling on 
the proboscis and rare specimens may have this structure entirely dark. Based 
on these overlapping variations, at least 2 of the characters which Christophers 
(1933) considered most reliable for minimus, i.e., costa with presector pale 
spot and proboscis with pale patch on distoventral aspect, need to be reevalu- 
ated ona more realistic regional basis. The presence of a costa presector 
pale spot may be indicative of minimus in Hong Kong, most areas of India, 
southern Vietnam and Thailand, but in northern Vietnam 39% of the specimens 
lacked this spot (Toumanoff 1936) and in southwestern China (P. R. of China) 
81% lacked this spot (Liu et al. 1959). Possibly the frequency of this spot is 
influenced by the temperature of the immature habitat, however, seasonal data 
are not available for these last 2 reported studies. Character displacement 
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(Brown and Wilson 1956, Mayr 1963) may also be involved, and this would help 
explain why the presector spot is so constant in India where minimus is sym- 
patric (in part) with fluviatilis and varuna. In northern Thailand, where /lu- 
viatilis is absent and varuna rare, specimens of minimus having the presector 
pale spot absent are not uncommon, particularly in the cool season. 

The status of the proboscis-pale scales character needs a total reevalua- 
tion. Christophers (1933) statement about this character was made when the 
Philippine species, flavirostris, which normally has a pale natch on the pro- 
boscis, was considered a subspecies of minimus. Now that this taxon (flavi- 
vostris) has been raised to species status, the characters of minimus must 
stand alone. Data from my study indicate that only 1.3% of the Hong Kong and 
6.1% of the Thai female minimus possessed a pale scale patch on the venter 
of the proboscis. A character with such a low frequency cannot be considered 
characteristic of minimus, as claimed by Christophers (1933). This character 
must now be considered unusual and a hindrance to quick identification in areas 
where minimus is sympatric with aconitus and varuna. These last 2 species 
have variants with only a few pale scales on the proboscis. While such vari- 
ants are uncommon in aconitus, they are more common on varuna (7/14 Sri 
Lanka females, 1/4 Thai females). In areas (e.g., Hong Kong) where mini- 
mus is the sole representative of the minimus group this character is too un- 
usual to be of much value. 

Separating adult minimus and aconitus can usually be accomplished by the 
key characters, but additional characters are also useful, including: the 
presence of absence of a presector pale spot; and Ro with or without a median 
pale spot. Several other characters may also help, but they are more sub- 
jective and will become obvious only with experience. They are: pale scales 
(general color) - pure white to silver-white (minimus), dull white to slightly 
yellow @conitus);scutum color - gray-buff to dark brown laterally (minimus), 
tan to orange-brown laterally (aconitus); and scutal seta-like scales - silvery- 
white, fairly easily seen and extending back to scutellum (minimus), dull white 
to slightly yellow, hard to see and often extending back only to anterior margin 
of prescutellar bare space @conitus). These differences should not be con- 
sidered reliable for colonization, hybridization studies and similar projects. 
Only progeny or wild reared males confirmed by associated immature skins 
should be used in such studies. 

Infrequent Thai specimens of minimus (wild and progeny) had humeral as 
well as presector pale spots on the costa, and several females with this condi- 
tion were seen from Miyako and Yaeyama, Ryukyu islands. Ho (1938), working 
on specimens from Hainan Island, is apparently the only other author to note 
this variant of minimus. Specimens with this extra wing spot have a habitus 
identical to that of mangyanus, which I believe is confined to the Philippines. 
The most logical explanation for the record of mangyanus in Nepal (Brydon 
et al. 1961) is a minimus with the humeral spot variation, rather than pam- 
panai as suggested by Reid (1968). Anopheles minimus is common in Nepal, 
while the nearest confirmed record of pampanai is slightly over 1,000 km 
away in Lashio, Burma. 

Conceivably, the record of filibinae (one specimen) in Nepal (Pradhan and 
Brydon 1960) may also be due to a minimus specimen having several variations, 
however, it is more likely the specimen was an aconitus variant (see aconitus 
Variations section). Seven wild females from Thailand and one from Hong 
Kong also possessed prehumeral pale spots on the costa. Five of these speci- 
mens had these spots in addition to humeral and presector pale spots, and 5 
(including the Hong Kong specimen) were reared and confirmed as minimus by 
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their associated immature skins. This character was also found on progeny 
adults. Prehumeral pale costal spots were not seen on either wild or progeny 
aconitus. 

Specimens of minimus having either prehumeral or humeral costal pale 
spots in conjunction with presector pale spots may be confused with pampanai, 
however, gray-black scales on the remigium apex-R base are indicative of 
pampanai and unique in the Minimus Group. 

The pupa of minimus in Thailand is easily identified on the basis of the 
position and development of seta O-IJI-VII. In the past, seta 1-V-VII has 
been used to differentiate minimus from aconitus in Thailand. This character 
is now known to be unreliable. There are a number of additional characters 
other than seta 0 that will separate these 2 species, these are discussed at 
length in the aconitus Taxonomic Discus¢$ion section. 

- Reid (1968) suggested that pupae of fluviatilis and minimus could be sepa- 
rated on the basis of seta 1-V being simple on fluviatilis, while usually 
branched on minimus. As discussed above (Variations section), 1-V on Thai 
minimus is usually simple like that of fluviatilis (India). To date, I have been 
unable to find reliable characters to separate the pupae of fluviatilis and mini- 
mus, 

In addition to the seta 0 character, there are a number of other characters 
that will separate minimus pupaefrom those of pampanai and varuna, Seta 1- 

_ V-VII may be of value, although not totally reliable because of overlapping 
variation. These setae are usually simple on minimus (1-V, 1-5 branches, 
mode-simple; 1-VI, 1-3 branches; mode-simple; 1-VII, 1-4 branches, mode 
simple), while they have 2-4 branches (mode 3) on pampanai and 3, 4 branches 
(mode 3) on varuna. Additional characters that may help to separate minimus 
from pampanati include: setal branching on 3,4-I, 3-II, IIland7-IV; 9-II located 
at posterolateral corner (minimus), cephalad of posterolateral corner (pam- 
panai), 9-III transparent, slender and needle-like (minimus), pigmented, stout 
and shorter (bampanai); and pampanai paddle without fringe mesad to 1-P, 

- which is unique in Minimus Group (see pampanai discussion). Other characters 
that may assist in the separation of minimus and varuna pupae are: setal bran- 
ching on 3-I, 1-II; 9-III transparent, slender andneedle-like (minimus), pig- 
mented, stout and shorter (varuna); paddle refractile margin - 0. 63-0. 85 
(minimus) and 0.89-0.96 (varuna); paddle lateral fringe - on minimus short 
spines change rather abruptly into long filaments at 0.5-0.7 of distance from 
base to seta 1-P, on varuna short spines gradually changing to short filaments 
at 0.77-0.88 of distance from base to setal-P; and shape of the trumpet. 

Pupae of minimus are easily separated from those of culicifacies and jey- 
poriensis by seta 7-VI, VII and the position and development of seta 0-III-VII. 
There are also reliable differences in the number of branches on setae 4, 9-I 
and 1-II-IV. The pupa of culicifacies, like pampanai, does not have a paddle 
fringe mesad of 1-P, while that on minimus extends to the mesal angle. In 
general, setae on minimus pupae have more branches than those on culicifacies, 
jeyporiensis and majidi. 

The identification of minimus larvae in Thailand is easy. Without fluviatilis 
to cause confusion, minimus is the only species with large, usually branched, 
seta 0-III-VI arising on the integument posterolaterad of the large anterior ter- 
gal plates. Infrequent specimens may have 0 arising from the plate edge on 
VI, VII, but these should not cause identification problems. Several larvae 
from Chiang Mai Province had previously been identified as culicifacies 
because the anterior tergal plates on II-VI were smaller than normal and left 
the posterior tergal plate and the small submedian plates separate. These 
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specimens were easily identified to minimus by the large seta 0-IV, V, simple 
2-4-C, dendroid 8-C and the shape of the median plate on the spiracular ap- 
paratus. 

Larvae of minimus are very distinct from aconitus and jeyporiensis based 
on the numerous barbs on 2, 3-C on these last 2 species. Additional characters 
to separate aconitus from minimus larvae are listed in the aconitus Taxonomic 
Discussion section. 

Actually, minimus larvae are most likely to be confused with pampanaz in 
Thailand. Both species have simple 2-4-C, large anterior tergal plates and 
relatively blunt filaments on 3-T, however, there are several reliable char- 
acters other than seta 0 for differentiating these 2 species (see pampanai 
Taxonomic Discussion). 

Although varuna is apparently rare in Thailand and normally has several 
fine barbs on 2-C, it is likely that occasional specimens will have 2-C simple. 
In such cases larvae of this species could easily be confused with minimus if 
the seta 0 differences were overlooked. Possibly the next best character for 
separating these 2 species is 3-T, which has leaflets with long, fine filamen- 
tous tips on varuna. but short relatively blunt tips on minimus leaflets (see 
Figs. 18 and 24). Other characters that may be useful in separating these 2 
species are: number of setal branches on 6-C, 2,9-I, 1-II, 9, 13-I0 (size 
also) and 5-V; 1-X length/saddle dorsum (midline) length, 1.24-1.84 on mini- 
mus and 1.85-2.16 on varuna; and development of 2-X basal branches, slender 
and curved on minimus and stout and straight on varuna, 

Anopheles minimus is a very distinct species in Thailand, where it can 
usually be recognized in the adult female, pupal and larval stages. In India, 
however, where fluviatilis and minimus are sympatric only the adult females 
are phenetically differentiated. The obvious similarities of these 2 species 
suggest they are very closely related, however, the current lack of differences 
in immatures may be a reflection of the lack of comparative studies. Based 
on an analysis of 18 adult and immature characters used in this study, fluvia- 
tilis is the most closely related species to minimus, followed by flavirostrvis, 
mangyanus, pampanai and varuna in that order, with aconitus and filipinae 
showing the fewest similarities. 

Unlike aconitus, the distribution and abundance of minimus in Thailand 
during the last 30 years has been altered considerably by pesticides, pollution 
and alteration of stream habitat. Due to its anthropophilic behavior minimus 
has been virtually eliminated in some areas where it originally existed ona 
marginal basis. In other areas under DDT regimens, selection pressure on 
minimus has favored a more zoophilic behavior. Some of the collection sites 
used during this study maintained large minimus populations without malaria. 
As seen in the Bionomics section, minimus in these areas were more readily 
collected from bovine baits than human baits. The effect that selection pres- 
sure toward zoophilic behavior has had on morphologic variation on minimus 
is unknown. However, since most genes are thought to be pleiotropic it would 
be unwise to think that morphologic variation was not involved in such a change. 
Accordingly, the variations and particularly their frequencies noted during 
this study in Thailand represent data taken from altered minimus populations 
and thus may not be comparable to minimus that existed in Thailand prior to 
1947. 

Baba (1950), while working in the Canton Delta, South China, apparently 
collected eggs of minimus which looked different from those of minimus sensu 
stricto. He designated these minimus subspecies X, and gave differentiating 
characters ina key to eggs. The adults and larvae were not separable from 
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those of minimus sensu stricto. This one letter name violates Art. 11(g)i of 
the ICZN and must therefore be considered an unavailable name. 

BIONOMICS. Whereas aconitus has probably profited by association with 
man, minimus may be losing its competition with man. Anopheles minimus 
is a feral species with oviposition preferences for small to moderate sized 
streams of clear, cool unpolluted water that are partially shaded with grassy 
margins and have slow to moderate currents. Such natural streams are nor- | 
mally found in foothill regions or valleys in mountainous areas. Apparently 
artificial habitats approaching these requirements have also been created by 
man during irrigation projects and deforestation-land development projects. 
These artificial habitats are often temporary, producing large numbers of 
minimus for some years, then degradation of the habitat proceeds until minz- 
mus. becomes uncommon. The anthropophilic tendencies of minimus may have 
developed by association with small human (or primate) groups who found the 
small stream environment an excellent place for hunting, and source of water 
for farming and temporary or permanent dwellings. Such early groups and 
current hill tribes in northern Thailand practice slash-and-burn farming tech- 
niques which opens up the forest and temporarily creates favorable oviposition 
sites for minimus in associated streams. The human population explosion in 
this century is apparently destroying this relationship. Increasing numbers of 
humans need more land and the forests have been altered to the extent that 
many of the streams become silty, sluggish and those nearest man too polluted 
for minimus. Habitat destruction and insecticides (both agricultural and for 
malaria control) have apparently reduced the distribution of minimus in Thai- 
land considerably during recent years. 

Despite claims to the contrary (Bruce-Chwatt 1970) minimus is still fre- 
quently encountered in central and northern Thailand. Immatures have been 
collected in Thailand at elevations between 45-1,000 m. Elsewhere, collec- 
tions have been recorded up to 1, 524 m in Assam (Christophers 1933), 1, 500 
m in Vietnam (Lysenko and Tang-Wang-Ngy 1965), 1,450 m in Laos (Lefebvre 
1938), while Khin-Maung-Kyi (1970) noted it had not been collected at eleva- 
tions over 914 min Burma. Further west in Nepal, there are significant 
elevation (= ecological) differences between minimus and fluviatilis, i.e., 
minimus only up to 671 m, while fluviatilis occurs up to nearly 1,829 m (Pant 
et al. 1962). 

Immatures of minimus have been collected in the following habitats in 
Thailand: stream margins (primary collection site), rock pool, sand pool next 
to stream, Seepage pools or springs, stream pools and fallow rice fields with 
seepage water. Except for the rice fields these larval sites were usually 
associated with the fringe or edge of primary or secondary bamboo forests, 
secondary wet forests, secondary scrub and secondary deciduous forests. 
Large collections were also made from meandering streams bordered by 
scattered trees in cultivated areas. These streams often had marginal grass 
which emerged from or fell into the stream and provided the optimum habitat 
for minimus oviposition. Streams with nearly still water, large amounts of 
emergent or floating vegetation such as Eichornia spp. and Pistia spp. usually 
were not good minimus collection sites. Certain streams in secondary forest 
with heavy shade were excellent collection sites. These streams were almost 
always near the forest margin, near human habitations and had numerous 
tree roots and stones along the margin. Muirhead-Thomson (1940a,b,c) ina 
series of excellent studies, has shown that minimus females are attracted to 
shaded areas for oviposition, avoid unshaded and hot water habitats such as 
still rice fields and usually oviposit on still water among grass and vegetation 
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near the edge of streams. The larvae are also attracted to shade and will leave 
still water, crossing a substantial current to reach shade. Larvae normally 
attach to grass and vegetation tail first with hooked setae 2- and 3-X to resist 
currents. Muirhead-Thomson (1940b) found that minimus larvae were unable 
to resist a current velocity greater than 0.09 m/sec. When collections were 
made in unshaded or only slightly shaded habitats, such as fallow rice fields, 
minimus larvae were always located in areas with a slight current from see- 
page water or an irrigation stream. Muirhead-Thomson (1940c) determined 
that full grown minimus larvae were killed by a 5-minute exposure to 41°C, a 
temperature that was commonly reached or exceeded in rice fields in Assam 
during part of the year. 

Immatures of minimus were collected from the following habitats in the 
New Territories, Hong Kong: stream margins (primary collection site), fal- 
low rice fields, ditch, stream pools (large and small), seepage springs or 
pools, seepage marsh (slight current), small rock pool, in rice field used for 
raising EKichornia spp. for hog food (one collection where water flowed into 
field) and ina half-buried 38 L (10 gal) clay jar ina recently dried rice field. 
Observations on the optimum habitats for minimus larvae in Hong Kong were 
identical to those made in Thailand. 

A number of mountainous-foothill streams were surveyed in southern Thai- 
land (Chumphon, Krabi, Nakhon Si Thammarat, Phuket, Ranong and Trang) in 
1969, but no minimus were collected. Prior to large scale insecticide usage 
for malaria control, some of the streams surveyed had large populations of 
minimus. Possibly minimus was existing in less than optimum conditions in 
southern Thailand and the DDT house-spray program caused its elimination, or 
reduced the foci of this species south of the Isthmus of Kra. Isolated pockets 
may still occur south of this area, but such areas are difficult to find and con- 
firm. Sandosham et al. (1963) have also noted the disappearance of minimus 
from Perlis, the northernmost state in Malaysia. Anigstein (1932) collected 
in Songkhla, Phatthalung and Nakhon Si Thammarat provinces and reported 
minimus only in foothill areas of the 2nd province. Iyengar (1953) surveyed 
Nakhon Si Thammarat, Pattani, Phatthalung and Surat Thani provinces and 
did not record minimus, however, his collections were primarily made in the 
flat coastal plains. These data help point out a rather spotty original distribu- 
tion for minimus in southern Thailand. 

In the foothill areas of Sara Buri Province (central Thailand) minimus lar- 
vae were most abundant during September to January, the period coinciding 
with the last part of the wet monsoon season and the cool season. Some 
streams continued to attract ovipositing females into February-March, while 
others were too low and contained no minimus larvae after January. Adult 
minimus were collected during every month of the year in Sara Buri Province. 
Adult abundance coincided with peak larval abundance during September- 
January and reached a peak in November-December. Adults were least abun- 
dant during March-July, which usually corresponds with the latter part of the 
hot-dry season and the beginning of the wet season. 

Adult minimus can be collected by various methods including: human bait; 
bovine baits; net traps with CO2; CDC light trap (Ismail et al. 1978); window 
traps in huts (Ismail et al. 1974); nocturnal (outside) and diurnal (inside) rest- 
ing collections. Light traps have been used to collect minimus (Causey 1937, 
Ismail et al. 1978), but their efficiency is still questionable. Scanlon and 
Sandhinand (1965) reported the collection of several minimus from rhesus 
monkey-baited net traps (ground level) during 3 trap nights. Human bait, 
biting-landing collections have been the most efficient collection method for 
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minimus in the past. However, during this study the most efficient collection 
method in terms of man-hours was using bovine bait, biting-landing collec- 
tions. A total of 2,212 minimus females were collected from bovines at the 
rate of 5.57/man-hr, while human bait (outside) attracted 2, 285 at the rate of 
1.47/man-hr, This represents a 3.8:1 ratio in favor of the bovine bait. Com- 
parative studies of the efficiency of bovine and human baits for minimus were 
conducted at 2 localities in Sara Buri Province using the same times, places 
and weather, but often with different numbers of collectors (Table 2). Based 
on mosquitoes/man-hr, minimus was most commonly collected from bovines 
at a 6.9:1 bovine:human ratio. These ratios may actually reflect a response 
to exposed body surface, rather than a preference for bovines over man. 
Regardless, bovine collections were the most efficient and productive method 
for collecting large numbers of minimus during this study. During the fall of 
1967, prior to the collections included in this study, collections were made 
comparing human bait inside and outside huts and most specimens were 
attracted to the humans outside. Since large numbers of minimus were 
required, inside collections were rarely made. 

From October to January most adults were collected between 1830 and 
2200 h, after which levels were too low for the purposes of this study, thus 
very few collections were made beyond 2400 h. Resting collections on vegeta- 
tion and piled wood around bovine pens at night also proved to be a good collec- 
tion technique for this species. 

During August 1968, minimus females from Sara Buri Province were dis- 
sected to determine the frequency of parous Specimens. Parous individuals 
(not including gravid specimens) made up 29.6% (63/216) of the sample, indi- 
cating a majority of young specimens. A total of 132 wild nulliparous females 
were checked for the presence of sperm in the spermatheca, of these 88.4% 
(122) were fertilized. 

The average size of a minimus blood meal has been estimated at least 
twice. Bruce-Chwatt and Gockel (1960) estimated the size at 1.0 mm”, while 
Scanlon and Sandhinand (1965) gave a value of 0.55 mg. Size of blood meal 
plays an important role in the potential for blood parasite transfer. The size 
of an average minimus blood meal is small compared to that of dirus (as bala- 
bacensis), which is 1.53 mg (Scanlon and Sandhinand 1965). 

A low level colony of minimus was established and maintained between 1968- 
70 using a forced mating technique (Ow Yang et al. 1963). The rearing tech- 
niques differed only slightly from those described by Wilkinson et al. (1974), 
and formed the basis for their reported colonization of minimus. The status 
of the original (1968) colony is questionable since Wilkinson et al. (1974) 
reported it was "allowed to die off"’ in 1970, while Wilkinson et al. (1972) 
reported the 1968 colony was "maintained at a relatively low numerical level 
until the numbers were increased during 1971" for experimental malaria 
studies. Data from 1968 show that during the initial stages of the colonization 
attempt the oviposition frequency for 212 females force-mated by 316 males was 
only 0.156 (33 females), and the hatch frequency for 2,116 eggs was 0. 690 
(1,461). These data are very similar to data obtained from wild females iso- 
lated for progeny studies (also noted under aconitus). Of 2,621 wild females 
isolated in oviposition vials, only 0.164 (430) oviposited, producing 28, 904 
eges for a mean of 67.22 eggs per female. The eggs had a hatch frequency 
of 0.73 (21,093), and an average hatching time of 2.39 days for 4, 744 eggs 
kept at +25°C. 

A number of references regarding minimus behavior in Thailand and South- 
east Asia have characterized this species as primarily anthropophilic and 
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endophagic, and in some cases endophilic (Griffith 1955, Tansathit et al. 1962, 
Ayurakit-Kosol and Griffith 1962, Scanlon, Reid and Cheong 1968, Chow 1970). 
These traits were probably the primary reason for the drastic initial success 
against minimus that DDT house-spray programs had in Thailand (Griffith 
1955, Ayurakit-Kosol and Griffith 1956, Griffith et al. 1957). More recently, 
however, reports suggesting behavioral changes in minimus have begun to 
appear. Brown (1958) mentioned a report of minimus resting outdoors after 
DDT spraying in central Thailand, in contrast to its usual behavior. Gould 
and Rutledge (1967) reported on collections from one locality (central Thailand) 
that had been sprayed for 10 years, in which outdoor biting (human) by mini- 
mus exceeded indoor biting. More recently (World Health Organization 1973) 
a possible exophagic and exophilic variant of minimus was reported from Thai- 
land. This report has been supported by Ismail et al. (1974, 1975), who con- 
ducted extensive pre- and post-spraying observations in a forest fringe area 
in Phitsanuloke Province in north-central Thailand. Some of their pre-spray 
observations for minimus include: biting (human) densities outdoors 1.6 times 
that indoors (yearly average), while in the dry season it may be 3-4 times that 
indoors; females tend to move indoors during rains; it is an early biter during 
the dry season, and a late biter during the wet season; 93.2% of females in huts 
left before daylight, and 85% of those entering huts engorged during the stay in 
the hut. Based on these and other data these authors suggest that 2 biological 
variants of minimus possibly exist, and that the domestic variant has become 
scarce due to DDT spraying, while the more exophilic-exophagic variant has 
been maintained in its feral environment. Considering the genetic plasticity 
of this species based on phenetic variants, a more logical explanation would 
allow for a potentially large number of behavioral (= biological) variants. 
Selection pressure exerted by DDT spraying will obviously have favored the 
survival of that portion of the population feeding outdoors and not coming into 
contact with DDT. Ismail et al. (1975) also made the following post-spray 
observations on minimus: the excito-repellency of DDT led to an even larger 
decrease in indoor contact with man, with outside contact 3.5 times as high as 
inside; the excito-repellency of DDT also stimulated minimus to bite earlier 
with less pre-biting resting time; fair numbers of females were observed 
around water buffalo before and after spraying; the highest malaria vectorial 
capacity coincided with the beginning of the wet season, when minimus had the 
highest longevity. Other biological observations from Ismail et al. (1975) 
include: an average of 2 days for ovarian development during the wet season 
based on one blood meal and up to 4 days in the cool season; and a feeding 
rhythm for minimus of 5 days during the cool season and approximately 3 days 
during the rest of the year. A more recent study (Ismail et al. 1978) ina vil- 
lage in Sara Buri Province that was also one collection site for this study, 
revealed even more pronounced exophagic behavior in minimus, and supported 
most of the other observations noted in the above 1974-75 studies. This study 
also showed that minimus was more or less equally attracted to man and cattle 
outdoors, and deviated more to man when cattle were scarce or absent. Khin- 
Maung-Kyi and Winn (1976) found essentially the same exophilic-exophagic 
behavior, seasonal occurrence and hourly biting behavior in minimus in Burma 
as found in the above Thailand studies. Taylor (1975) has noted similar changes 
in the feeding behavior of An. favauti Laveran, following the use of DDT spray 
in houses in the British Solomon Islands Protectorate. 

To date, minimus remains susceptible to DDT, but behavioral patterns 
other than the typical anthropophilic and endophagic pattern have been observed 
(above) in the field. The explanations for the above behavioral changes attri- 
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buted to DDT, and the actual significance of the changes, are still conjectural 
(Elliott and de Zulueta 1975, Molineaux et al. 1979). Actually minimus has 
been shown to be one of the most susceptible anophelines to DDT, with a LCs59 
of DDT as low as 0.05% in Nepal (Brown and Pal 1971). Khin-Maung-Kyi 
(1971) gives LC59 of DDT values between 0. 24-0. 30% for minimus in Burma. 
Apparently the first tests on Thai minimus were on larvae (Yasuno and Kerdpi- 
bule 1967), which showed a LCs value of DDT at 0.0035 ppm. Moussa 

and Nawarat (1969) tested adults and larvae from Thailand. Adult minimus 
had a LC50 of DDT value of 0.31%, while larvae had a value of 0.016%. Based 
on a steep mortality regression line with a slope value of 6.4, the last authors 
felt the minimus adults (Sara Buri Province) were homogeneous with respect to 
the response to DDT. More recently Ismail et al. (1978) tested adult minimus 
(Sara Buri Province) for DDT susceptibility and found LCs5o values for years 
1972-73, 1973-74, and 1974-75 calculated as 0.33%, 0.40% and 0.48%, 
respectively. These figures show minimus is still highly susceptible to DDT 
in Thailand. 

Beside human malarial and filarial parasites, the only other parasites 
recorded from minimus were encysted metacercariae of trematodes found in 
4/251 dissected larvae from Amoy, South China (Feng 1933). Jenkins (1964) 
cited Feng (1933) as also finding Blastocrithidia culicis in minimus, but this 
citation is not correct. Jenkins (1964) did not actually see Feng (1933) but 
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vol. 21: 218, not 1934, vol. 22: 103. To further complicate matters the review 
article wrongly says Feng found Herpetomonas culicis in minimus. Wirth and 
Hubert (1959) discussed the record of Culicoides (T.) anophelis feeding on 
minimus in Hong Kong. In 1969, I found several specimens of a Culicoides, 
probably anophelis, on blood engorged minimus in Sai Kung District, New 
Territories, Hong Kong. 

A complete discussion of crossing experiments between aconitus and 
minimus is found in the Hybridization Experiments section. 


ANOPHELES (CELLIA) PAMPANAI BUTTIKER AND BEALES 
(Figures 3-6, 19-21; Tables 12, 18) 


Anopheles (Myzomyia) pampanae Biittiker and Beales 1959: 63 (*, 9*, L*, 
distr. ); Anonymous 1959: 288 (name emended to pampanai). 

Anopheles (Cellia) pampanai Biittiker and Beales, Stone, Knight and Starcke 
1959: 51; Buttiker and Beales 1965: 197 (keys); Peyton and Scanlon 
1966: 1 ({*, key, distr.); Reid 1968: 313 (2, L, holotype designation); 
Rattanarithikul and Harrison 1973: 2 (L*, key); Reid 1976: 111 (lecto- 
type designation); Knight and Stone 1977: 49 (tax.); Klein 1977: 117 (biol. ). 


All known stages of this species are easy to identify. Adults (both sexes) 
can be recognized by the costa base having both humeral and presector pale 
spots and the remigium apex - R base having gray-black scales. The pupa 
differs from the other species by the paddle fringe and the branching of the ab- 
dominal setae. The larva can be recognized by the large tergal plates, the 
simple seta 2-C and the position and development of abdominal seta 0. This 
species is similar to aconitus except for: 

FEMALE (Figs. 3-6, 19). Head, Antennal flagellomere 1 with gray-white 
scales on mesal surface, flagellomeres 2,3 without pale scales; proboscis with 
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black decumbent scales, without pale scales distally, labellum bare and notice- 
ably paler than labium; forefemur/proboscis ratio 0.82-0.90, 0.86 mean (11 
females); palpus with black erect scales at base and on segment 2, with decum- 
bent scales on remainder; palpus color pattern fairly stable, with silver-white 
scales in 3 bands; small basal pale band at segmental joint 2,3; median pale 
band on apex of segment 3 and base of segment 4 most variable, usually shorter 
than preapical dark band or apical pale band; apical pale band on distal 0. 15- 
0.20 of segment 4 and entire segment 5. Thorax. Integument brown, central 
portion of scutum usually nearly solid ash-gray, may have faint dark longitu- 
dinal lines in acrostichal and dorsocentral setal rows; fossa, scutal angles 

and supraalar areas dark brown; scutum with curved, slightly flattened, white 
seta-like scales back to scutellum, scales more obvious than those on aconitus 
and less dense than those on minimus; pleural setae: 1 propleural, 1,2 spira- 
cular, 2,3 prealar, 3,4 upper and 3-6 lower sternopleural, 3,4 upper and 0 
lower mesepimeral. Wing. Pale markings white, dark markings usually 
black, common pattern follows. Costa with humeral, presector, sector, sub- 
costal and preapical pale spots; remigium with basal 0.85 pale scaled, apex 
with gray-brown scales; vein R base adjacent to remigium with gray-brown to 
black scales; R sector pale spot and accessory pale sector spot usually sepa- 
rated by dark spot; R, without accessory pale spot on preapical dark mark; 
Rs-Ro9i3 with separate pale spots at origin, adjacent to R4,5 origin, at Ro,9 
fork; Ro and Rg dark except origin and apex; R45 with prebasal and pre- 
apical dark spots, base, apex and middle pale, median pale area usually long; 
M,,9 dark except origin and tip; Cu with large prebasal dark spot, fork dark- 
scaled; Cu, usually with 3 dark and 3 pale spots, pale spots at m-cu crossvein, 
between 2 most apical dark spots, at tip, infrequently median pale spot absent 
and vein primarily dark; Cup dark at origin; 1A primarily dark, with base pale, 
small prebasal dark spot followed by pale area, distal 0.5-0.6 dark-scaled; 
wing apex usually with 2 broad pale fringe spots, uppermost beginning just 
above or at Rj tip and extending down to just below Rg tip, lowermost begin- 
ning at Rg and extending down to include R4..5 tip; dark fringe spot between 

Ro and Rg tips often very small; 1A tip without pale fringe spot; hind margin 

of wing basal to 1A tip often with wide pale fringe spot. Legs. Upper midcoxa 
with 3-5 setae; forefemur slightly thicker than other femora; hindfemur with 
dorsal and lateral pale scales on apex; tibiae with small lateral patch of pale 
scales on apex; tarsomeres generally as described for aconitus, except apical 
pale scales on tarsomeres often in narrow bands instead of dorsal patches. 
Abdomen. Unicolorous light to dark brown, covered with numerous light tan 
setae, setae darker on distal segments. 

MALE (Fig. 19). Head. Palpus pale areas silver-white instead of light 
yellow as on aconitus, color pattern variable and similar to minimus. Thorax. 
Scutal integument centrally gray, laterally brown; pale white seta-like scales 
extending back onto scutellum, more prominent than onfemale. Wing. Costa 
with humeral and presector pale spots; apex of remigium and base of R with 
geray-brown scales; R with sector pale and accessory pale sector spots often 
separated by dark spot; R2; Rg, Myi9, Mg,, usually without median pale spots; 
Cu, infrequently dark distal to m-cu crossvein; tip of 1A without pale fringe 
spot. Genitalia. Basimere with dark scales; claspette usually with 1,2 short 
setae ventromesad of long apical seta; basal tubercle of long apical seta with 
prominent spine; lateral club fused from approximately 3 basal stems; aedea- 
gus with 4,5 leaflets on each side, largest 2,3 with serrate edge on at least 
one side; proctiger membranous, with nearly parallel longitudinal wrinkles, 
presence of absence of minute spicules unknown. 


Harrison: Myzomyia Series of Anopheles in Thailand 101 


PUPA (Fig. 20, Table 12). Integument clear to tan, with wing cases, 
cephalothorax between trumpets and metanotal plate more darkly pigmented, 
paddles clear. Cephalothovax. Wing case on dark specimens with lines on 
veins. Trumpet. Generally same color as darker areas on cephalothorax, 
meatus 0.19-0.32 length of trumpet. Metanotal Plate, Seta 10-MP with 2-5 
branches. Abdomen. Seta O-II-VII small, simple or bifid, mesad and cephalad 
2-II-VU; 9-V-VII dark, flattened, often curved; 9-I with 3-6 branches; 1-II with 
16-33 branches; 2-II with 5-10 branches; 6-II very long, 1-3 branches; 9-II 
small, simple, slightly cephalad of posterolateral corner; 1-III with 13-27 
branches; 2-III with 7-12 branches; 4-III with 4-9 branches; 5-III with 7-15 
branches; 7-III with 5-9 branches; 8-III with 3-6 branches; 9-III small, pig- 
mented, 0.25-0.36 length of 9-IV; 4-IV with 4-6 branches; 7-IV with 5, 6 
branches; 9-IV, 0.26-0.47 length of segment V, 0.6-0.8 length of 9-V; 1-V 
with 2-4 branches; 4-V with 2-4 branches; 9-V, 0.43-0.67 length of segment V; 
2-VI with 5,6 branches; 4-VI with 2-4 branches; 5-VI with 4-7 branches; 7-VI 
simple or bifid, very long, 0.96-1.38 length of segment VI; 9-VI, 0.84 to 1.00 
length of 9-VII, 0.64-0.67 length of segment VI; 2-VII with 3, 4 branches; 4-VII 
with 2,3 branches; 5-VII with 5-7 branches; 6-VII small, just mesad of 9-VII, 
with 2-5 branches; 7-VII simple or bifid, very long, 0.96-1.20 length of seg- 
ment VII; 9-VII, 0.60-0.67 length of segment VII; 9-VIII dark, flattened, with 
11-24 closely set short branches arising from broad central stem. Genital 
Lobe. Male with 2 dark bands across lobe, basal and on distal half, separated 
by pale band, lobe apex pale. Paddle. Refractile margin shorter, 0. 66-0. 76 
of distance from base to seta 1-P; paddle 1. 53-1.66 as long as wide; lateral 
fringe changing from short spines to long filaments abruptly at 0. 5-0. 6 of 
distance from base to seta 1-P; paddle fringe not extending mesad of seta 1-P; 
1-P, 0.33-0.45 length of paddle. 

LARVA (Fig. 21, Table 18). Dark brown without discernible color pattern. 
Head, Dark brown, may have dark pattern similar to aconitus except anterior 
transverse dark line usually absent; antenna very dark brown, 5.00-6. 67 as 
long as wide, with stout spicules except at base and on dorsal surface; seta 1-A 
short, simple; inserted on outer dorsal aspect, 0.20-0.28 from base; 2-C 
long, simple; 3-C simple, slightly over 0.5 length of 2-C; 4-C simple, reaching 
cephalad to bases of 2-C; 8-C with 3-6 branches; from central stem, not den- 
droid; 12-C with 6-10 branches; 15-C with 8-10 branches. Thorax. With up to 
8 very small sclerotized plates arranged in central transverse rows on the dor- 
sum of the pro- and/or mesothorax; sclerotized bases of setae 1,2-P fused, 
rarely separate; 3-P often arising from lateral edge of 1,2-P sclerotized base; 
1-P with 16-27 branches; 2-P with 14-20 branches; 9-P with 7-12 branches; 
10,12-P long, simple; 11-P short, with 2-4 branches; 1-M with 24-30 branches; 
4-M long, with 2 branches (rarely 3) arising from near base; 3, 5-M simple, 
long (5-M longest), bases often sclerotized and infrequently joined; 9, 10-M long, 
simple; 12-M simple; 3-T with 13-20 lanceolate leaflets, with blunt tips; 9-T 
with 3-7 branches; 10-T long, simple. Abdomen. Posterior margin of anterior 
tergal plate II usually concave, not enclosing posterior tergal plate, anterior 
and posterior plates on II rarely fused; segment II without pair of small oval 
submedian plates; segments III-VII with or without small submedian plates, if 
present, separate from anterior tergal plates; seta 0-II small, simple, arising 
just on or off of posterolateral margin of anterior tergal plate; 0-IJI-VII small, 
simple, rarely bifid, arising on anterior tergal plate 0.21-0.38 of distance from 
lateral margin to midline; 1-I-VII with well developed leaflets, leaflets with well 
developed shoulders and fine filaments; 1-I with 12-18 leaflets; 1-II with 16-21 
leaflets; 7-III with 3-6 branches; 13-III small with 6-12 branches; 6-IV with 3 
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branches; 13-IV with 4-6 branches; 6-V with 2,3 branches; 13-V with 4,5 _ 
branches; 2-VII with 2-4 branches; 2-VIII with 10-13 branches; small sclero- 
tized plate may occur adjacent to 14-VIII; pecten plate with 3, 4 long teeth, 

8-10 short teeth; seta 1-X simple, long, 1.85-2.05 dorsal length of saddle; 2-X 
with most basal branches long, usually curved or sinuous, with gradually taper- 
ing filamentous tips. 

EGG. Undescribed. 

TYPE-DATA. The lectotype 2 is deposited, with associated larval and 
pupal skins mounted on separate glass slides, in the BMNH and bears the follow- 
ing labels: (1st label) - 'Preke Chi Meang, Cambodia, Snoul region, Kratie 
Province. 17.V.58. Legs. W. Bittiker, P. F. Beales;" (2nd label) - "Ano- 
pheles (C.) pampanai Biittiker & Beales 1959, Type 2(X) X;" (3rd label) "A. 
species Biittiker & Beales (X);"' and (4th label) - 'SEAMP Acc. No. 124." 

One © and 22 paralectotypes with associated larval and pupal skins mounted 

on separate glass slides are also deposited in the BMNH. These are designated 
by letters, i.e., “ (CC), 2 (A) and 2 (Z) and have nearly the same data as the 
lectotype. An additional paralectotype exists as the 4th-stage larval skin and 
pupal skin on separate glass slides, of a “ specimen (missing) with essentially 
the same label data and designated by the numeral ''K."' There are an addi- 
tional 2% and 3% paralectotypes in the BMNH with essentially the same label 
data as the above specimens, but without associated immature skins. These 
are labeled: % Syntype 1, 2 Syntype 2, 2 Syntype 3, “ Syntype 4, & Syntype 5. 
Additional information on the lectotype and paralectotypes in the BMNH can be 
found in Reid (1976). 

The specimens of pampanai originally sent to the BMNH by Buttiker and 
Beales were labeled either ''Type" or ''Syntype, '' while specimens (2%, 6%, 8 
larval skins and 2 whole larvae) labeled ''Co-types"' were supposedly deposited 
in the Public Health Laboratories, Division of Malaria, Manila, Philippines. 
The status of the latter specimens is unknown. According to the ICZN rules 
all of the above specimens deposited in the BMNH and Manila are to be con- 
sidered syntypes. Reid (1968: 313, footnote) mistakenly labeled specimen 
"7," in the BMNH as the holotype, but recently (1976) corrected this and desig- 
nated specimen ''X"' as the lectotype. 

An examination of the Lectotype and its associated immature skins revealed 
the following. The left palpus (right broken off) does not agree with the palpus 
illustrated in the original description showing a long preapical dark band, but 
has the preapical dark band narrower than the subapical pale band, and the api- 
cal pale band. The right wing of the lectotype was illustrated in the original 
description, but did not show a pale fringe spot on the hind margin halfway 
between the wing base and the apex of vein 1A. The left wing differs from the 
right by having the preapical pale and dark spots on the costa equal length, and 
by Cuz having 2 dark spots distal to the m-cu crossvein instead of one long 
dark spot. Both the 4th-stage larval skin and the pupal skin (mounted on its 
side) of the lectotype will soon be destroyed, as the mounting medium (Berlese's 
fluid) on both slides is crystallizing and is already adjacent to the head of the 
larval skin. 

DISTRIBUTION (Fig. 20). Btittiker and Beales (1959) described pampanai 
based on specimens from northeastern Burma (Lashio) and Cambodia. Subse- 
quent collections in Cambodia (J. M. Klein collections - ORSTOM) have pro- 
duced additional specimens of this species, however, no specimens from Burma 
were located during this study. In fact, Khin-Maung-Kyi (1971) apparently 
overlooked the record of this species in Burma when he reviewed the Myzomyia 
Group (= Series) in Burma. 
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Peyton and Scanlon (1966) were the first to record pampanai in Thailand, 
from Specimens collected by personnel of the SEATO Medical Research Lab- 
oratory and the National Malaria Eradication Project. These specimens con- 
sisted of larvae from Chanthaburi, Phayao (then Chiang Rai) and Nan provinces 
and a single female from Prachin Buri Province. Scanlon, Peyton and Gould 
(1968) stated that the Chiang Rai record came from a specimen labeled ''Payao"’ 
(actually ''Payao, 8-11 Mar 60, Prasert'') which was presumed to be ''Phayao"' 
in Chiang Rai Province. This presumption was correct, as specimens of An. 
insulaeflorum (Swellengrebel and Swellengrebel-de Graff) with this label were 
found during this study. These included one slide labeled ''Chiengrai, Payao, 
8-11 Mar 60, Prasert, Coll 3.'', with the same handwriting and ink as on the 
pampanai slide. Since then, Chiang Rai has been split into Chiang Rai and 
Phayao provinces. During this study a number of additional specimens of 
pampanai from Thailand were either found in museum collections or collected 
in the field. These include: 6 females from Chiang Mai Province, 6 fe- 
males and 8 whole larvae from Chanthaburi Province, 8 females from 
Buriram Province, one female from Prachin Buri Province and 2 whole 
larvae, found in the Thurman Collection in the USNM, that were collected 
in 1952 in Lampang Province. Unfortunately, the distribution of pampanai 
in Thailand is still poorly known. Apparently this species is widely, but 
sparsely distributed from Cambodia across the Korat Plateau and its fringe 
areas into the large northern valleys in Thailand. The habitat require- 
ments are poorly understood, but seem to coincide with large stream- 
small river systems, during the dry season, on or adjacent to the plateau or 
in large broad valleys. One possible explanation for the very infrequent col- 
lection of pampanai in Thailand is the very limited amount of collecting that 
has been done in this habitat and particularly on the Korat Plateau. 

The type-series of this species came from 10 km north of Snoul in eastern 
Cambodia, and just across the border from Loc Ninh, Binh Long Province, 
Vietnam. This close proximity to Vietnam led Do-Van-Quy (1968) to include 
pampanai in keys for Vietnamese anophelines, and in 1971, Do-Van-Quy (un- 
published interim report, Institute Pasteur, Vietnam) listed a single female 
of pampanai collected in Dak Pek, Kontum Province, near the border with 
Laos. A single female of pampanai was found during this study in the USNM 
from Plei Djereng, Pleiku Province, Vietnam. This specimen definitely 
establishes pampanai as occurring in Vietnam. It is interesting that 3 of 
Toumanoff's (1936) figured wing variations for Vietnamese minimus (p. 154), 
l1.e., VII, IX and XI, show a dark spot on the base of vein R, as would appear 
on pampanat. Whether these 3 figures are artist errors or imply that Touman- 
off actually had pampanai specimens among his minimus, is conjecture. 

The confirmed distribution for pampanai now ranges from northeastern 
Burma, down through Thailand and Cambodia into Vietnam. Since this species 
has been reported from an area adjacent to Laos, it probably also occurs 
there. Reid (1968) suggested that the record of mangyanus from Nepal 
(Brydon et al. 1961) might actually refer to pampanai, however, no specimens 
are available for confirmation. As discussed earlier (p. 24) the record of 
mangyanus in Nepal is not considered valid, and probably was based on a mini- 
mus variant (see minimus Variations section). 

Material examined includes 86 specimens: 8%, 472, 18 L, 6 individual 
rearings (6 p, 71). 

CAMBODIA. Kratie: Prek Chi Meang (Ksim 2), 80, 112, 2L, 5p, 61 
(includes lectotype) - BMNH; Ksim, 1° - USNM. Kampot: Po Phnom Twea, 
32. - USNM. Kompong Speu: Pichnil, Stung Chral, 92 - ORSTOM. 
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THAILAND. Buriram: Krasang District, Tambol Lamduan, 8? - USNM. 
Chanthaburi: Pong Namron, 5 L - USNM, 62, 8 L- BMNH. Chiang Mai: 
Nong Quai #2, 12, 1p, 11- BMNH; Muang, Huey Kaeo, 5+ - METC. Lampang: 
Ngao District, km 114, 2 L- USNM. Phayao: Payao (= Phayao), 1L - 
USNM. Prachin Buri: Ban Bu Phram, 12 - USNM; Amphur Kabinburi, Ban 
Wang Mued #5, 12 - USNM. 

VIETNAM. Pleiku: Flei Djereng, 12 - USNM. 

VARIATIONS (Fig. 6, Tables 12, 18). Variations were noted primarily 
on female and larval specimens. All adults checked during this study were 
consistent in having a humeral pale spot on the costa and gray-black scales on 
the remigium apex - R base. The 15 females in the USNM were also checked 
for other variations. Ten specimens had the R sector and accessory sector 
pale spots separate. Vein 1A was dark scaled except at the base on 2 speci- 
mens, and 1A lacked a prebasal dark spot on 3 specimens. Only 3 specimens 
had vein Cu with one long dark spot beyond the m-cu crossvein as depicted for 
the lectotype in the original description. The other 12 specimens had the long 
dark spot interrupted in the middle by a pale spot. The length of the preapical 
dark band on the female palpus was also found variable. The original descrip- 
tion shows this band wider than the subapical pale band, however, 5 (5/14) had 
this dark band equal to and 4 (4/14) had the dark band narrower than the sub- 
apical pale band. 

Only 4 pupae were available for study and setal branching differences noted 
below and in Table 12 were the primary variations noted. 

Twenty-four larvae and larval skins were checked and besides setal branch- 
ing differences the following variations were found. The sclerotized bases of 
setae 1,2-P were separated (not fused) on 2 specimens. The 3-T leaflets on 4 
specimens were tapered like those of aconitus, rather than blunt. The small 
median posterior tergal plate on segment II was fused with the anterior tergal 
plate on 3 specimens. The number of small dorsal thoracic plates varied from 
0 to 8, and when 8 occurred, several appeared to be on the prothorax rather 
than the mesothorax. Several larvae were observed with a small ventral bi- 
lobed plate just cephalad of seta 14-VIIl. The setae 1, 2-P and tergal plate 
characters discussed above were used in the original description of pampanai 
as primary characters in differentiating this species from minimus. The fre- 
quencies of the above variations in these 2 characters, in addition to those on 
minimus (see minimus Variation section) suggest that they are not as reliable 
as originally supposed, and should not be used as primary characters for 
separating these 2 species. 

TAXONOMIC DISCUSSION. Although this is one of the easiest members of 
the series for taxonomists to identify, in field situations specimens are identi- 
fied while alive or immediately prior to dissection for parasites and the small 
humeral pale spots on the costa and the gray-black scales on the remigium apex- 
R base may be overlooked. In such cases, pampanai specimens will probably 
be identified as minimus, as reported for Burmese specimens (Buttiker and 
Beales 1959). Persons identifying specimens of the Myzomyia Series under 
such conditions should concentrate on the extra pale spot (humeral) at the base 
of the costa. Occasional specimens of aconitus and minimus have humeral pale 
spots. The gray-black scales on the remigium apex-R base are difficult to see 
and should be checked only after the humeral pale spot has been found. 

Certain other characters are also useful in identifying pampanai adults. 
The pale scales on pampanai are white or silver-white, while those of aconitus 
are usually creamy-white or very pale yellow. The tarsomeres on pampanai 
have small apical pale bands or dorsal patches, while varuna tarsomeres are 
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entirely dark. No specimens of pampanai were found with either 3 pale spots 
on vein 1A or a pale fringe spot at the apex of 1A, while at least one of these 

2 characters is almost always present on aconitus and jeyporiensis specimens. 
The proboscis of pampanai was found invariably dark-scaled, while the probos- 
cis of aconitus normally has pale scales, and varuna frequently has a small 
distoventral patch of pale scales on the proboscis. Only 6% of minimus ex- 
amined from Thailand had a distoventral patch of pale scales on the proboscis. 
The scutal pale scales on pampanai are long, slender, seta-like and usually 
less obvious than those on minimus. There are a number of similarities be- 
tween jeyporiensis and pampanai, including a humeral pale spot on the costa 
and gray scales on the remigium apex-R base. However, jeyporiensis has a 
wide pale band on foretarsomere 1, short white scales on the scutum and 
either 3 pale spots on vein 1A or a pale fringe spot at 1A apex. As discussed 
under aconitus, the paloal banding patterns on aconitus, minimus, pampanai 
and varuna are highly variable and should not be used for differentiating these 
species. Reid (1968) noted an additional difference from those in the original 
description between mangyanus and pampanai females. The basal dark mark 
on Cu reaches or overlaps the base of the R presector dark mark on pampanai, 
while that on mangyanus is shorter and does not reach the R presector dark 
mark. An examination of 13 pampanai and 16 mangyanus confirms this char- 
acter. Reid also said that the basal Cu dark mark on pampanai is usually 
twice as long as the costa humeral dark mark. Only 9 of 13 pampanai con- 
formed to this character. These characters are additional evidence of the 
distinctness of pampanai, 

Pupae of pampanai generally have more branches on their setae than the 
other members of the Oriental Myzomyia Series, and consequently are easily 
identified. The color pattern on pampanai pupae may also be helpful in identi- 
fication. The metanotum and cephalothorax between the trumpets are very 
dark, a pattern also found on some specimens of jeyporiensis, minimus and 
varuna, However, pampanai was the only species found with 2 dark transverse 
bands on the male genital lobes. Seta 9-II is often located cephalad of the 
posterolateral corner instead of at the corner, and 9-III while at the corner is 
usually darkly pigmented and stout instead of slender and needle-like. The 
paddle offers the best characters for identifying pampanai pupae. The short 
refractile margin is very similar to those found on flavirostris and mangyanus 
in the Philippines. Anopheles pampanai appears unique in the Minimus Group 
in having the paddle fringe not extending mesad of seta 1-P, while culicifacies 
is the only other members of the series in the Orient with this character. 

The 4th-stage larva is probably the easiest stage to use for identifying pam- 
panai. In Thailand, only minimus and pampanai in the subgenus Cellia and pal- 
matus (Rodenwaldt) in the subgenus Anopheles have seta 2-C simple and very 
large anterior tergal plates on the abdominal segments. Anopheles palmatus 
can be identified immediately by the 2-C bases being very close together. 
Separating pampanai from minimus is equally easy using the key characters. 
Infrequent specimens of varuna in Sri Lanka have 2-C simple and 2 of 9 speci- 
mens from Thailand had only one fine barb on 2-C, thus it seems likely that 
occasional Thai specimens of varuna will be found with 2-C simple. The 
development and location of seta 0 on the abdominal segments of pampanai and 
varuna are nearly identical. However, the long fine filaments on varuna 3-T 
leaflets are very distinct from the relatively short blunt 3-T leaflets on pam- 
panal, 

A number of other characters may be of use in identifying pampanai larvae. 
All specimens examined to date have either a dark brown pattern without an 
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anterior transverse bar on the frontoclypeus or the frontoclypeus nearly 
entirely dark brown. The antennae were invariably dark brown. Seta 8-C 
never appeared dendroid as is common on minimus. The heavily sclerotized 
bases of 1,2-P, although not always fused, are of secondary value in separating 
pampanai from many specimens of aconitus and minimus. The development of 
4-M is an excellent character for separating pampanai from minimus and also 
fluviatilis. Besides differences in the number of 4-M branches, these branches 
on pampanai are longer than those on minimus. Slight overlap occurs when 
using the 4-M branch summation method for separating pampanai (4-6) from 
aconitus (6-9) and varuna (6-10). The sclerotized, often fused, bases on 3, 5- 
M, is a pampanai character shared with minimus and varuna, however, the 
bases of 3,5-M on aconitus are not sclerotized. The anterior tergal plate on 
segment II is usually, i.e. 87.5% (21/24), concave on the posterior margin 
with the posterior tergal plate separate, and this can be used as a good secon- 
dary character for separating pampanai from aconitus and varuna, However, 
this character should not be used to differentiate pampanai from minimus, 
because it occurs on minimus throughout Thailand, and has a high frequency 

in some populations. The mesal position of seta 0 on the abdominal tergal 
plates of pampanai is fairly distinct, with vavuna the only other mainland 
Southeast Asian species besides palmatus that has 0 ina similar position. The 
small oval submedian abdominal plates are less constant on pampanaz than on 
the other Minimus Group species. These plates are usually present on seg- 
mens I-VII on minimus and varuna and on II-VII on aconitus, but only on II-VII 
on pampanai (when they are present). Seta 1-I on pampanai always has well 
developed leaflets with shoulders and filaments, while those on aconitus usually 
lack shoulders and filaments. Seta 1-X on pampanai, like that on varuna, is 
apparently slightly longer in proportion to the dorsal margin of the saddle than 
those of the other 4 members of the series in Thailand. 

Based on the diagnostic characters used in this study, pampanai is most 
similar to mangyanus in the Philippines, then flavirostris, minimus, varuna 
and filipinae in that order. The many similarities between pampanai and 
mangyanus partially isolate these 2 species from the remaining species in the 
Minimus Group. Anopheles pampanai shows the least similarity to aconitus. 
Whether the above similarities imply relationship or simply reflect fortuitous 
convergence-divergence is unknown. 

BIONOMICS. Most of the biological information known about this species 
was published in the original description. Subsequent collections of pampanai 
have been limited and often not accompanied by detailed collection records. 
According to Buttiker and Beales (1959), adult and immature pampanai were 
found with minimus. Oviposition sites were slow flowing foothill streams with 
sandy or rocky bottoms, shaded edges and steep river banks covered with dense 
vegetation. Larvae were most abundant and predominant over minimus toward 
the end of the dry season along river margins under dense root cover, how- 
ever, after the rains returned minimus became the dominant species. These 
authors speculated that pampanai could tolerate a higher level of pollution than 
minimus. Adult males and females were found resting in hollowed river banks, 
on exposed roots under banks or on overhanging roots. Adults in Burma were 
found resting in houses during the daytime. All pampanai collected on water 
buffaloes in Cambodia were taken before 2400 h. 

Thailand records indicate that all larvae were collected in ''streams, "' 
with the last specimen taken in 1965. Adult females were collected in Thailand 
in 1966 and 1969. Specimens (4) were collected from buffaloes in outside pens 
between 1900-2159 h and 5 were taken biting man (outside) between 1915-2215 h. 
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These 9 females were taken in rural isolated villages near a large stream or 
a small river. Concentrated efforts to find pampanai larvae in those streams 
were fruitless. 


ANOPHELES (CELLIA) VARUNA TYENGAR 
(Figures 3,4, 6, 22-24; Tables 6, 7, 13, 19) 


Anopheles fluviatilis of Cogill 1903: 327 (L, biol. ); Edwards 1922: 90 (tax., 
as minimus Theobald); Iyengar 1924: 27 (= varuna Iyengar). 

Anopheles varuna Iyengar 1924: 24 (¢*, tax., biol., distr.); Christophers 
and Puri 1931: 489 (2*, L, tax., distr.); Menon 1938: 121 (E*); Roy 
1938: 269 (L*, tax.); Rao and Ramakrishna 1940: 509 (L, tax.); 
Russell and Rao 1940: 160 (L, biol.); Rao 1961: 103 (review, biol., 
distr., med. signif.). 

Anopheles (Myzomyia) minimus var. varuna Iyengar, Christophers 1924a: 
51 (tax. ); Puri 1928b: 522 GL, tax.): Edwards 1932: 52 (tax. ). 

Anopheles minimus var. varuna Iyengar, Christophers eae 298 (ax, , 
distr. ); Evans 1930: 588 (L*, tax.). 

Anopheles (Myzomyia) funestus var. listoni of Carter 1924: 71 (%, 2*, L*, 
foe, 

Anopheles (Myzomyia) varuna Iyengar, Puri 1931: 155 (L*, tax.); 
Christophers 1933: 214 (**, 2*, L*, tax., biol., distr.); D'Abrera 
1944: 348 (E*, tax.); Carter 1950: 87 (distr.); Thurman 1959: 121 
(distr. ); Khin-Maung-Kyi 1971: 478 (biol., distr. ). 

Anopheles (Cellia) varuna Iyengar, Stone, Knight and Starke 1959: 58 (tax.); 
Peyton and Scanlon 1966: 2 (?*, ? distr.); Scanlon, Peyton and Gould 
1968: 30 (checklist, ? distr.); Reid 1968: 313 (**, 2*, L*, tax.); 
Rattanarithikul and Harrison 1973: 3 (? distr. ); Knight and Stone 1977: 
a1. (tax. Giser, ). 


All adults identified as varvuna should be confirmed on the basis of associ- 
ated immature skins. Adults of aconitus, minimus and varuna can have the 
same general habitus, particularly in northern Thailand. Consequently, the 
usual adult varuna characters (i.e., 2 broad apical pale bands on palpus, hind 
margin of wing without pale fringe spot at 1A, basal third of costa entirely 
dark and proboscis dark or with distal pale scales) are often of little taxonomic 
value. The only characters that appear significant on varuna females are the 
entirely dark tarsomeres and Cuj with one long dark mark beyond the m-cu 
crossvein. However, since these characters are not totally reliable because 
of overlap from the other species, adults should be confirmed by immature 
skins. The pupa of varuna looks very similar to that of aconitus, but can be 
readily identified by the key characters. The 4th-stage larva of varuna is 
distinct and is the best life stage to use for identifying this species. Seta 2-C 
on varuna almost always had one to several weak barbs, 4-C is normally 
simple, the 3-T leaflets have long tapering filamentous tips and seta 0, when 
present, is always on the large abdominal anterior tergal plates. Other reli- 
able characters are presented in the Taxonomic Discussion section. This 
species is like aconitus except for: 

FEMALE (Figs. 3-4, 6, 22, Tables 6,7). Head. Vertex with pale erect 
scales above interocular space, erect creamy-brown scales laterally, erect 
black scales on occiput; pedicel integument dark gray or brown; flagellomere 1 
with pale gray scales on dorsal and mesal surface, remaining flagellomeres 
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without scales; proboscis entirely dark with small blue-black decumbent 
scales, or with subapical flavescent area on venter and usually dorsum, label- 
lum nearly bare, paler than labium; forefemur/proboscis ratio 0. 77-0. 87, 
0.83 mean (18 females); palpus slender, slightly shorter than proboscis, with 
decumbent scales; palpus with 3 pale bands, narrow bands at segmental joints 
2,3, and 3,4, variable apical band on apex of segment 4 and entire segment 5. 
Thorax. Scutal integument centrally ash-gray, laterally dark brown; anterior 
promontory with long, slender, erect pale scales medially, shorter pale scales 
laterally; scutum with short very fine seta-like pale scales between dorsocen- 
tral setal rows back to cephalic end of prescutellar area; prescutellar space 
bare except large dark lateral setae; scutellum with anterior row of short tan 
or brown setae, posterior row of long dark setae; pleural integument dark gray 
or brown, without scales; pleural setae: 1 propleural, 1,2 spiracular, 3,4 
prealar, 2,3 upper and 3-6 lower sternopleural, 4-6 upper and 0 lower mese- 
pimeral. Wing. Color pattern variable (see Variations section), primarily 
dark with small pale areas, common pattern follows. Costa primarily dark 
with sector, subcostal and preapical pale spots; remigium pale-scaled; vein R 
with large basal and sector pale areas separated by equal sized dark area; R1 
dark except subcostal, preapical pale spots and tip; Rg-Ro.3 dark except small 
pale spots at origin, crossvein R9i3-R4,5 and Ro. fork; Ro and Rg dark ex- 
cept small pale spots at base and apex; R4,5 with prebasal and preapical dark 
spots, small pale spots at origin and apex, variable median pale spot; M dark 
except pale scales at base, small pale spot at m-cu crossvein and pale M fork; 
Mj1+2 and M3.4 dark except small pale spots at base and apex; Cu with white 
scales at origin, variable prebasal dark spot, pale spot then dark to include 
fork; Cuj dark-scaled with 2-3 pale spots, pale spots constant at m-cu cross- 
vein and apex, 3rd pale spot when present, intermediate between other 2; Cug 
mostly dark, with or without basal pale spot, with small apical pale spot; 1A 
with origin pale-scaled, usually with dark spot on basal half, with distal half 
dark scaled; apical pale fringe spot starting at or just above apex of Ri, ex- 
tending down to Rg; additional small pale fringe spots at apices of R3 (may be 
absent), R4i5, Mj+2, Mgiq, Cuz, and Cug, 1A without pale fringe spot; hind 
margin of wing usually without pale fringe spot basal to 1A apex. Integument 
dark, upper midcoxa with 3-6 setae; forefemur slightly swollen on basal half, 
otherwise femora, tibiae and tarsomeres long, slender with blue-black scales; 
tarsomeres without pale bands or patches. Abdomen. Unicolorous dark brown 
or gray with brown setae. 

MALE (Fig. 22). Head, Antennal flagellomere 1 with few gray scales on 
mesal surface; forefemur/proboscis ratio 0.66-0.69, 0.68 mean (5 males); 
palpus with pale scales at apices of segments 3-5, without pale band at seg- 
mental joint 2,3. Wing. (See Variations section.) More slender than female 
wing, with fewer, darker scales. Genitalia. Basimere with dark scales 
laterally and ventrally, with 4,5 parabasal spines; claspette with 1,2 small 
ventromesal setae, long, large apical seta, stout lateral club and shorter 
seta between long apical seta and stout club; lateral club on claspette fused 
from 2-4 basal stems, shorter than long apical seta; aedeagus with 4 or more 
leaflets on each side of tip; largest aedeagus leaflets with serrate edge on one 
side; proctiger cone-shaped, membranes with parallel wrinkles, extending 
half distance to basimere apex, without spicules. 

PUPA (Fig. 23, Table 13). Integument light tan to light brown, with 
darker areas between trumpets and on metanotal plate, paddles light tan. 
Cephalothorax. Wing cases usually without dark lines on veins. Trumpet. 

On light specimens darker than cephalothorax; meatus 0. 20-0. 31 length of 
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trumpet; pinna expanded distally, flattened by longitudinal ridge making venter 
or trumpet apex concave. Abdomen. Seta 0-II-VIl simple, rarely bifid, me- 
sad and cephalad of 2-II-VII; 9-IV-VII dark brown, usually flattened, may have 
1,2 small distal branches; 2-I with 6-8 branches; 4-I with 4-10 branches; 9-1 
with 2-5 branches; 1-II with 12-19 branches; 2-II with 4-7 branches; 3-II with 
3-5 branches; 4-II with 3-6 branches; 5-II with 5-7 branches; 6-II long, with 
1-3 branches; 9-II small, simple; 1-III with 15-21 branches; 2-Iil with 7-14 
branches; 4-IIJ with 3-5 branches; 5-III with 10-19 branches; 6-III with 4-10 
branches; 7-III with 2-5 branches; 9-III dark, broad, with less acute tip, 
small, 0.27-0.45 length of 9-IV; 1-IV with 8-1lo branches; 2-IV with 4-13 
branches; 4-IV with 1-3 branches; 5-IV with 6-10 branches; 6-IV with 4-7 
branches; 7-IV with 2-5 branches; 9-IV, 0. 28-0. 43 length of segment V, 
0.73-0.90 length of 9-V; 1-V with 3,4 branches; 2-V with 3-9 branches; 4-V 
with 2-5 branches; 9-V simple, rarely with minute distal branch, 0.38-0.55 
length of segment V, 0.68-1.00 length of 9-VII; 1-VI with 3,4 branches; 2-VI 
with 3-6 branches; 4-VI simple to bifid; 5-VI with 3-9 branches; 7-VI, with 
1-3 branches, long, 0.84-1.19 length of segment VI; 9-VI, 0.88-1.00 length 
of 9-VII, 0.45-0.57 length of segment VI; 1-VII with 3-4 branches; 2-VII with 
2-5 branches; 4-VII simple or bifid; 5-VII with 2-5 branches; 7-VII simple to 
bifid distally, long, 0.86-1.22 length of segment VII; 9-VII, 0.42-0.56 length 
of segment VII; 9-VIII flattened, with 12-17 closely set branches arising from 
broad central stem. Genital Lobe. Unicolorous, without bands of pigment. 
Paddle. Light tan pigmentation; refractile margin very long, 0. 89-0. 96 

of distance from base to seta 1-P; paddle 1.42-1.62 as long as wide; lateral 
fringe changing gradually from fairly stout spines to filaments at 0. 77-0. 88 
of distance from base to seta 1-P; paddle fringe extending mesad of seta 1-P 
to mesal angle; 1-P, 0.28-0.42 length of paddle. 

LARVA (Fig. 24, Table 19). Brown to nearly black, without distinct color 
pattern. Head. With variable brown color pattern on frontoclypeus, usually 
similar to that described for minimus, i.e., like a musician's tuning fork, 
without an anterior transverse brown band; antenna usually dark brown, may be 
paler on basomesal 0.33, 5.97-6.67 as long as widest point; seta 1A inserted 
on outer dorsal aspect, 0.26-0. 32 from base; 4-A with 6-9 branches; 2-C 
long, with 1-4 short lateral barbs (rarely without barbs), most basal barbs 
often more stout; 3-C, 0.50-0.67 length of 2-C, usually simple, infrequently 
with one small lateral barb; 4-C simple, extending cephalad approximately to 
base of 2-C; 8-C with 3-9 branches; 15-C with 7-11 branches. Thorax. Often 
with 1,2 pairs of small submedian sclerotized plates on dorsum of mesothorax; 
sclerotized bases of setae 1, 2-P broadly fused; 1-P with 21-29 branches; 2-P 
with 16-21 branches; 9-P with 10-15 branches; 10, 12-P long, simple; 11-P 
with 3-5 branches; 1-M with 23-33 branches; 3,5-M simple, bases usually 
partially sclerotized and infrequently fused; 4-M with 3-5 branches; 9; 10-M 
long, simple; 3-T with very short thick stalk, 15-23 light brown lanceolate 
leaflets, with long, very finely tapered filamentous tips, 9-T with 6-9 branches; 
10-T long, simple. Abdomen. Anterior tergal plates on II-VII very large with 
broadly rounded lateral margins, 0.60-0.85 width of segment, posterior mar- 
gins convex, enclosing small posterior tergal plates; segments 1-VII usually 
with small oval submedian plates separate from anterior tergal plate, occa- 
sionally fused with anterior tergal plate on several segments; seta 0-II-VIl 
simple or bifid (rarely trifid), small, arising on anterior tergal plate 0. 22- 
0.38 of distance from lateral margin to midline; 1-I-VII leaflets light brown, 
with shoulders and very long slender filaments, often pale in region of 
shoulders; 1-I with 13-21 leaflets; 4-I with 5-8 branches; 1-II with 17-23 leaf- 
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lets; 5-II small, weak, with 4-6 branches from near base; 13-III large like 
13-IV, with 3-5 branches; 1-IV with 19-26 leaflets; 6-IV with 3 branches; 9-IV 
with 3-5 branches; 13-IV with 4-6 branches; 6-V with 3 branches; 13-V with 
3-5 branches; 2-VII with 2-4 branches; 0-VIII small, simple, posterolaterad 
of tergal plate; 2-VIII with 11-14 branches; pecten plate with 4,5 long and 7-11 
short teeth; seta 2-S with 7-12 branches; 8-S with 5-8 branches; 1-X simple, 
long, 1.85-2.16 dorsal length of saddle; 2-X basal branches with long tapering 
filamentous tips. 

EGG. The egg of varuna was first described "with fairly stable character- 
istics" from India (Kerala) by Menon (1938). However, D'Abrera (1944) found 
considerable variation in varuna eggs from Ceylon. In view of these wide 
variations and the lack of eggs for study, no description is attempted here, 
and readers are urged to consult the 2 above references. 

TYPE-DATA. In the original description Iyengar (1924) indicated the type 
of varuna was in the Bengal Malaria Research Laboratory, Calcutta, and co- 
types were in the Indian Museum, Calcutta and the BMNH. Christophers 
(1933) repeated this information, except for the BMNH location. Stone et al. 
(1959) indicated the type was in the Zoological Survey of India, Indian Museum, 
Calcutta, India. In 1963, Dr. John E. Scanlon (personal communication) 
visited Calcutta and searched for the type-material of varuna. The Bengal 
Malaria Research Laboratory has now been incorporated into the School of 
Tropical Medicine. Personnel at the latter site did not know the location of 
the type of varuna. Dr. Scanlon also searched for the co-types (= paratypes) 
supposedly deposited at the Indian Museum in the Zoological Survey of India 
collection, but was unable to find these specimens. In 1972, I was unable to 
find specimens which could be part of the type-series for varuna in the BMNH. 
Knight and Stone (1977) list the type-location for varuna as ''Location unknown. "' 
It is hoped that future searches in India will uncover these specimens. 

DISTRIBUTION (Fig. 23). The adult female of varuna is so similar in 
habitus to variations of aconitus, minimus and possibly fluviatilis that its 
distribution in some areas is still uncertain. In addition, early descriptions 
of the larva (Christophers and Puri 1931, Puri 1931, Christophers 1933) 
wrongly described the inner and outer clypeal setae as always simple, while 
the majority of larvae have weak barbs at least on 2-C. This is primarily an 
Indian species, but even there, many early records of fluviatilis (or listonit) 
and minimus possibly refer to this species, particularly in southern India. 
Based on the literature and specimens examined this species has the following 
distribution: BANGLADESH; BURMA; INDIA (Andhra Pradesh, Assam, Bihar, 
Gujarat, Karnataka, Kerala, Madhya Pradesh, Maharashtra, Orissa, Tamil 
Nadu and Uttar Pradesh); NEPAL; SRI LANKA; and THAILAND. I have not 
seen confirmed specimens (with associated immature skins) from a number 
of the Indian states, Bangladesh, Burma and Nepal, however, varuna probably 
occurs in all the areas listed above. I consider the records of varuna from 
Indonesia (Swellengrebel and Rodenwaldt 1932, Brug and Bonne-Wepster 1947, 
Van Hell 1952) to apply to flavirostris. Since varuna is not known south of 
approximately 17°N latitude in Burma and Thailand, I do not believe it occurs 
on the equator or south of the equator in Indonesia. Covell (1944) and Rao 
(1961) list varuna from southern China, however, I have not seen other refer- 
ences listing this distribution. Furthermore, Feng (1938) and Chow (1949) did 
not list this species in their reviews of the literature and records of anophe- 
line mosquitoes in China. Liu et al. (1959) referred to Chinese records of 
varuna based on adults in Kweichow and Yunnan provinces. However, these 
authors very ably demonstrated by progeny rearings that those records were 
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false and actually applied to dark winged minimus (see under minimus). The 
record of varuna from Vietnam (Reisen et al. 1971) was based on light trap 
specimens and should not be considered valid without confirmation. 

Thurman (1959) recorded varuna from Thailand for the first time, but did 
not retain specimens for examination. Between 1961-77, thousands of collec- 
tion man-hours were expended and thousands of anopheline specimens were 
collected and/or reared and identified by personnel at the SEATO Medical 
Research Laboratory, Bangkok, without finding a single specimen confirmed 
by immature skins to verify Thurman's record. Adults taken in biting collec- 
tions that keyed to and matched the general habitus of varuna were not uncom- 
mon in central and particularly northern Thailand. However, each time these 
females were allowed to oviposit, the offspring (reared adults with associated 
skins) invariably showed the wild parent to be either aconitus or minimus, 
During the peak anopheline months of October-December 1969, numerous 
aconitus and a few minimus variants were collected in the Chiang Mai Valley 
that would key to varuna. In central Thailand (Sara Buri) minimus variants 
were more likely to look like varuna than aconitus variants. This lack of 
proof prompted Peyton and Scanlon (1966), Scanlon, Peyton and Gould (1968) 
and Rattanarithikul and Harrison (1973) to question the validity of the Thailand 
record. 

In March 1977, I examined 9 adults with associated immature skins and 3 
whole larvae, kindly sent by Dr. Peter F. Beales, WHO Malariologist, 
Bangkok. These specimens were collected in Lampang Province, Amphur 
Thoen during July 1976, and definitely confirm the existence of varuna in 
Thailand. Only minor variations were found between these specimens and a 
larger group of specimens from Sri Lanka. In July 1978, 2 additional collec- 
tions of varuna were made in Thailand by the author and personnel of the 
Armed Forces Research Institute of Medical Sciences (AFRIMS), Bangkok. 
These collections were made in Ban Nam Phrae Nai #1, Amphur Hang Dong, 
Chiang Mai Frovince, and consisted of 4 adults reared with associated imma- 
ture skins, one whole pupa and 3 whole larvae. 

A total of 136 varuna specimens were examined during this study (19°, 
362, 40 larvae, 18 larval and 20 pupal skins). Specimens examined from 
Thailand (Chiang Mai and Lampang) include 5“, 8, 6 larvae, 13 larval and 14 
pupal skins. Additional specimens (14%, 31%, 34 larvae, 5 larval and 6 pupal 
skins) were examined from the following countries: BANGLADESH; BURMA; 
INDIA; and SRI LANKA. 

VARIATIONS (Figs. 3, 6; Tables 6, 7, 13, 19). Most of the past and 
present confusion in Asia regarding the identification of varuna is due to over- 
lapping adult variations on the part of aconitus, minimus and possibly fluviatilis. 
An example of this confusion is the illustration (Fig. 7) for varuna in Bhatia 
and Kalra (1961). The specimen figured is almost certainly aconitus without 
pale vein 1A fringe spots. Other wing characters, i.e., 3 dark spots on 1A, 
pale median spots on Rg and Rg, and 2 dark spots on Cuy beyond the m-cu 
crossvein, are all aconitus characters. I have not seen the first 2 characters 
on varuna, and the last character occurs on less than 50% of varuna speci- 
mens. Based on the specimens I have seen, varuna adult and larval characters 
seem slightly more stable than those of aconitus and minimus, but, this 
opinion may be biased by the lower number of specimens examined. There 
are, however, several adult and larval variations that have played very impor- 
tant roles in the confusion surrounding this species. 

In a discussion section just prior to the original description of varuna, 
Iyengar (1924) states, ''The proboscis is not pale in its apical half above or 
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below.'’ However, several months later, Christophers (1924b) noted ''The 
rather frequent presence of some paling of the proboscis in the apical half, 

. ..'' On vavruna. Christophers used this character to suggest varuna was 
closely related to minimus, which also can have pale scales on the distal half 
of the proboscis. Although the pale scales on the proboscis of varuna were 
described as not always present, several subsequent authors (e.¢g., Bhatia 
and Kalra 1961, Wattal 1963, Bonne-Wepster 1963, Stojanovich and Scott 
1966) have used a pale proboscis as a primary means of identifying the species. 
This character occurred on only 44% (8/18) of females examined in this study. 
The other 10 specimens had the proboscis entirely dark-scaled. Further- 
more, the flavescent scales were very difficult to see on a portion of the 
females possessing them. Flavescent scales also occur on the proboscis of 
aconitus and less frequently on minimus. 

Another variable adult character causing confusion is the number of dark 
spots on Cuy distal to the m-cu crossvein. Anopheles varuna is usually 
described as having only one long dark mark on this area of vein Cuy, but 
this occurred on only 53% (10/19) of the females and 75% (6/8) of the males 
examined during this study. Anopheles aconitus rarely has only one dark mark 
on Cuy beyond the m-cu crossvein (Table 1), while this character is only slight- 
ly more common (Table 5) on minimus. The following wing characters were 
found constant on 8 male and 19 female varuna: (1) costa without presector 
pale spot (one male with spot on left wing); (2) R without separate accessory 
sector pale spot; (3) Ro and Rg without median pale spot; (4) R4,5 with basal 
spot; (5) M;,5 without median pale spot; (6) Cu fork dark; (7) 1A with one long 
dark spot on Aiea half; and (8) hind margin of wing without pale fringe spot 
at tip of 1A. One female had Cug entirely dark except at the apex and 1A 
entirely dark except at the base. 

Adults of varuna. were invariably dark, with the pleural sclerites, scutum 
and the abdomen dark brown-black. There was no trace of banding or pale 
dorsal spots on the tarsomeres. Pale specimens like aconitus, were not 
seen. The palpus of male varuna typically has a narrow pale band at the apices 
of 3, 4 and the distal 0.33-0.50 of 5 pale. These bands were variable, with 
that on 4 often not extending across the segment, but none of the males had the 
club almost entirely pale as frequently occurs on aconitus and minimus. 

Wattal et al. (1960) noted one morphologically deformed female of varuna with 
unilateral or uneven palps (see aconitus Variations section). No deformed 
specimens were Seen during this study. 

In previous publications several morphological characters have been used 
consistently for separating the adult females of aconitus, minimus and varuna 
(Table 6). 


TABLE 6. Previously published primary key characters to differentiate the 
adult females of An. aconitus, varuna and minimus. 


Species. 
Character aconitus varuna mMIintmuUs 
Proboscis distal 0.5 | dark or with mostly| dark or with small 
pale ventral pale area ventral pale area 

Wing presector pale | present or absent present 

spot absent 
Vein Cuy distal dark| 2 short 1 long 2 short 

spots 


Vein 1A dark spots 3 short | 2 (1 short + 1 long) |2 (1 short + 1 long) 
Vein 1A fringe pale dark dark 
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The occurrence of the characters listed in Table 6 on specimens of these 
3 species (Table 7) illustrates the variability of several of the characters in 
Thailand and highlights the problem of identifying certain females of these 
species. 

Only one additional adult character was found during this study that will 
definitely assist in the identification of varuna. This character, the absence 
of apical pale banding or apical dorsal spots on the tarsomeres of varuna, will 
be of particular help in separating adults of varuna from aconitus, which has 
fairly conspicuous pale tarsal bands, particularly on the foretarsomeres. 

This character will also separate varuna from minimus, however, the small 
dorsoapical pale patches on the foretarsomeres of minimus are more difficult 
to see than those on aconitus. 

Variations in pupal setal branching are presented in Table 13. The ranges 
for branching in the table were taken from Thailand specimens. Pupae from 
Sri Lanka exhibited fewer branches on most setae, and these data were not 
included in the table. The peculiar shape of the trumpet was originally thought 
to be due to slide mounting-coverslip pressure. However, an examination of 
all available pupae revealed this character is stable, even on slides in which 
the trumpet is free-floating in thicker mounts. 

Variations in larval setal branching are presented in Table 19. The 
ranges given were taken from Thai specimens. Sri Lanka larvae like the 
pupae, usually had fewer branches on most setae. As for the pupae, I con- 
sider these differences probably due to geographical variation. 

One variation on varuna larvae has been responsible for considerable tax- 
onomic confusion, i.e., the presence or absence of lateral barbs on seta 2-C. 
Cogill (1903) originally noted the fine barbs or "filaments" on 2-C on varuna 
(as fluviatilis) larvae. In 1972, I found one larval skin (#292 tube 22) and 4 
whole larval slides in the BMNH from Cogill's collection. The 4 whole larvae 
were ruined but the one skin is clearly varuna and has 2 short barbs on the 
remaining seta 2-C. Carter (1925) thinking he was discussing fluviatilis (as 
listoni), not only described, but inadvertently illustrated the larva of varuna 
for the first time. Carter discussed 2 types of 'Jistoni"' (= varuna) larvae from 
Ceylon; (A) with clypeal setae simple and (B) the most common form on Ceylon, 
with the clypeals having a few "short branches" (= barbs) at intervals along 
the stem. These 2 references to varuna larvae have not been recognized by 
most authors as applying to varuna. Consequently, Evans (1930), Christo- 
phers and Puri (1931) and Puri (1931) were usually given credit for the first 
accurate larval descriptions and illustrations of varuna larvae. In the last 2 
references southern Indian larvae were used and the clypeal setae were 
described as "simple, unfrayed.'' Christophers (1933) followed this by imply- 
ing varuna clypeal setae were like those on minimus. Since then most of the 
major mosquito publications with keys have depicted vavruna larvae as having 
2-C simple (e.g., Russell et al. 1943, Puri 1949, Foote and Cook 1959, 
Wattal 1963, Bonne-Wepster 1963, Reid 1968). Roy (1938) found the predom- 
inant form of varuna in Bengal had 2-C barbed and Rao and Ramakrishna 
(1940) found the same in Orissa and Madras. D'Abrera (1944) reconfirmed 
Carter's (1925) contention (as listoni) that the most abundant form of varuna 
on Ceylon had 2-C barbed. These last 3 publications were, unfortunately, not 
considered in the major publications listed above. Consequently, I believe that 
most varuna larvae have not been correctly identified since 1931. Based on 
Roy (1938), 93% of the varuna larvae from Bengal had 2-C barbed, while Rao 
and Ramakrishna (1940) found 98% (286/291) from Madras and 98% (394/402) 
from Orissa with 2-C barbed. During the present study, all 13 Thai larval 
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skins of varuna had at least one barb on one 2-C and 88.5% (23/26) of Sri Lanka 
larvae of varuna had at least one barb on one 2-C. These data confirm that 
seta 2-C on varuna occurs with one to several small barbs or is simple, and 
suggest that the barbed 2-C variation is by far the most common in most areas. 
Consequently, I think the simple 2-C variation of vavuna as described by 
Christophers and Puri (1931) and Puri (1931) does not represent typical varuna, 
but a less common variation that may possibly have a slightly higher frequency 
in southern India and Sri Lanka (11.5% this study). 

By recognizing only those varuna larvae with 2-C simple and only those 
females with pale scales on the proboscis, less than half of the total varuna 
specimens were being identified by published keys. Thus, it is not unexpected 
that this species has long remained a taxonomic enigma. 

Several other variable larval characters were noted. Seta 3-C on varuna 
can also have weak barbs as found on 2-C, however, the frequency of barbs 
on 3-C is much lower. Rao and Ramakrishna (1940) found barbs on varuna 3-C 
on none of 291 larvae from Madras and 56% (225/402) of larvae from Orissa. 
Only 7.7% (1/13) of Thai larval skins had one barb on one 3-C and 14.8% (4/27) 
of Sri Lanka larvae had one barb on one 3-C. None of the specimens examined 
had more than one barb on 3-C and none had both setae 3-C with a barb. 
Typically, 4-C is described as simple on vavuna, however, Rao and Rama- 
krishna (1940) noted none of 291 larvae from Madras and 0.7% (3/402) of lar- 
vae from Orissa with this seta bifid. This seta was simple on all (13) Thai 
larval skins examined and was bifid on only 3. 8% (1/26) of larvae from Sri 
Lanka. The one specimen with 4-C bifid had both 4-C forked at approximately 
0.33 from the base. The occasional specimens of varuna with 4-C bifid might 
possibly be confused with aconitus larvae. Larvae of varuna often exhibited 
1,2 pairs of small dorsal submedian plates on the mesothorax as previously 
described for minimus (Reid 1968). Two small dorsal submedian plates were 
usually found on abdominal segments I-VII, however, occasionally these plates 
were incorporated into or fused with the anterior tergal plate on several seg- 
ments. Only one anomalous variation was found on a varuna larva. This 
specimen lacked the right 4-C, without even a trace of its alveolus. 

The adult variations discussed above definitely make specimens of varuna 
among the most difficult in the series to identify. This is particularly true 
where varuna is also sympatric with aconitus and minimus (see Thailand key). 
Fortunately, the pupal and 4th larval stage are more readily identified. Al- 
though the barbs on larval 2-C are not present 100% of the time, they are 
probably present on 90-95% of varuna larvae. When they are present, they 
are diagnostic because of the few barbs present in comparison with those on 
aconitus and jeyporiensis. 

TAXONOMIC DISCUSSION. As outlined in the Variations section, there 
are several reasons why varuna has remained so poorly known for so long. 
However, the primary reason has been the reliance on a stable (100%) charac- 
ter concept and an unwillingness to accept a variable character concept. This 
was compounded by a lack of revisionary studies (Scanlon, Reid and Cheong 
1968, Reid 1970) in Southeast Asia and the Indian subregion since the 1930's, 
and a lack of adequate reared material in collections outside of India. 

In Thailand, varuna is obviously an uncommon species. The systematic 
collections made all over Thailand by SEATO Medical Research Laboratory 
personnel since the early 1960's have been very thorough and have revealed 
many cryptic mosquito species and their habitat associations. Despite this 
thoroughness, varuna was not detected and confirmed in Thailand until per- 
sonnel of the Thai National Malaria Eradication Project collected it in Lam- 
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pang Province in July 1976. This particular region of Thailand is the logical 
area an "Indian" species such as varuna would be expected to occur. Several 
other 'Indian" species are known from northwest Thailand, they are culicifa- 
cies, jeyporiensis, stephensi, and several species of Aedes (Stegomyia) 
(Huang 1972, 1977). 

In much of peninsular India and Sri Lanka where minimus does not occur 
and aconitus is not very abundant, varuna females should be relatively easy to 
identify. In more eastern and northern areas such as Nepal, Assam, West 
Bengal, Bangladesh, Burma and Thailand, however, where minimus and aconi- 
tus are common and often exhibit melanic variations during the cool season, 
varuna females may be impossible to identify with any degree of reliability 
without associated immature 3kins. In the Chiang Mai area of Thailand, 
varuna-like melanic adult var ants of aconitus are quite common, particularly 
during the cool months (November-January). During these months infrequent 
melanic specimens of minimus also occur in the Chiang Mai area that may 
resemble varuna or in some cases fluviatilis (usually the former). Further 
south in central Thailand (e.g., Sara Buri), where varuna probably does not 
occur, vavuna-like variants of minimus are more common than similar vari- 
ants of aconitus. This is apparently due to clinal changes in the color pattern 
of aconitus, causing this species to be paler in the southern and central areas 
of Thailand. 

Usually, varuna adults should be distinct from those of aconitus on the 
basis of many characters: color--aconitus pale yellow to light brown, varuna 
dark brown to black; antennal integument--aconitus pale white to light tan, 
varuna dark gray to brown; vein R9--aconitus usually with median pale spot, 
varuna with only basal and apical pale spots; R4, 5--aconitus usually with small 
basal dark spot or without basal dark spot, varuna usually with large basal 
dark spot; Mj,9--aconitus often with median pale spot, varuna without median 
pale spot; Cuj--aconitus usually with 2 dark spots distal to m-cu crossvein, 
varuna often with only one long dark spot distal to m-cu crossvein; 1A--aconi- 
tus usually with 2 dark spots on distal half, varuna with only one long dark 
spot on distal half; 1A pale fringe spot--aconitus usually present, varuna ab- 
sent; and foretarsomeres--aconitus with distinct apical pale bands or dorsal 
pale spots, varuna entirely dark. 

There are not as many characters for separating varuna and minimus 
adults: antennal integument--minimus pale white to light tan, varuna dark 
gray to brown; presector pale spot on costa--minimus usually present, varuna 
rarely present; R accessory sector pale spot-- minimus often present, varuna 
absent; Cuj,--minimus usually with 2 dark spots distal to m-cu crossvein, 
varuna often with only one long dark spot distal to m-cu crossvein; and fore- 
tarsomeres--minimus usually with dorsoapical pale spots or narrow bands, 
varuna entirely dark. 

Adult female varuna are easily separated from culicifacies by differences 
in the following characters: resting posture, palpal banding, basal costal 
pale spots, color of scales on the remigium-R base, color of scales usually 
on Ry,5, color of scales on Cu base and the pale fringe spots on the wing mar- 
gin. 

The separation of jeyporiensis and pampanai adults from those of varuna 
is also easy. Adults of varuna and jeyporiensis can be separated by differ- 
ences in the following characters: scutal scales, foretarsomere pale bands 
or dorsoapical spots, basal costal pale spots, Rj, accessory pale spot on pre- 
apical dark mark, Ro with median pale spot, Cu, dark spots distal to m-cu 
crossvein and 1A pale fringe spot. Adults of varuna and pampanai can be 
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separated by differences in the following characters: foretarsomere pale bands 
or dorsoapical spots, basal costal spots, color of scales on the remigium-R 
base and presence or absence of a separate R accessory sector pale spot. 

The pupal stage of vavuna is very similar to those of aconitus and pampanai, 
but has a number of distinct characters. Differences separating the pupae of 
aconitus from varuna were listed in the aconitus Taxonomic Discussion sec- 
tion. Characters to differentiate the pupae of pampanai and varuna are: shape 
of the trumpet; seta 4-C branches--pampanai (5-7), varuna (2-5); 4-II branches 
--pampanai (6-10), varuna (3-6); 7-III branches--pampanai (5-9), varuna (1-5); 
4-IV branches--pampanai (4-6), varuna (1-4); 7-IV branches-- pampanai (5, 6), 
varuna (1-5); paddle refractile margin--pampanai (0.66-0.76), varuna (0. 89- 
0.96); paddle fringe--pampanai (not mesad of 1-P), varuna (extending mesad 
of 1-P to mesal angle); and male genital lobe--fampanai (with 2 transverse 
dark bands), varuna (unicolorous). 

The pupae of minimus and varuna are most easily separated by the develop- 
ment and position of seta 0-III-VII (minimus usually 2-5 long branches and 
lateral, vavruna small, simple or bifid and mesal). Other characters to differ- 
entiate the pupae of these 2 species are listed in the minimus Taxonomic Dis- 
cussion section. 

The pupa of varuna is best separated from those of culicifacies and jey- 
poriensis by the key characters. In addition, varuna pupae can be separated 
from those of culicifacies by differences in the following characters: trumpet 
shape; branches of setae 2,4,9-I (length also), 5-II, 1,5-III, 5, 6-IV and 1-V- 
VII; and the paddle fringe. Pupae of varuna can be separated from those of 
jeyporiensis by: trumpet shape, and branches of setae 2,3,5-C, 2, 4, 9-I 
(length also), 1,3,5-II, 1,2,5,6-III, 1,2-IV, 6-IV, 2-V, 2-VI and 9-VII. 

The 4th-stage larva of varuna is the best stage for identifying the species. 
The larval characters are much easier to see than those on the pupa and al- 
though several characters are variable, the total combination is highly reliable. 
The following combination of characters should identify 99-100% of the varuna 
larvae encountered: seta 2-C with 1-4 fine lateral barbs, 4-C simple, 8-C 
branched, 4-M with 3-6 branches, 3-T leaflets with long, tapering filamentous 
tips, anterior tergal plates on abdominal segments very large and wide (0. 60- 
0.85 width of segment), anterior tergal plate II convex on caudal margin and 
enclosing median posterior tergal plate, seta 0-II-VII arising on anterior ter- 
gal plates 0.22-0.38 of distance from lateral margin to midline, 13-III with 
3-9 branches and large like 13-IV and median plate on spiracular apparatus 
with lateral arms. 

Besides the key characters, other characters for differentiating the larvae 
of varuna from those of aconitus and minimus are listed in the Taxonomic 
Discussion sections of those 2 species. Characters exhibiting differences 
between the larvae of culicifacies and varuna are: barbs or branches on setae 
2,8-C, 2-P, 4-I, 13-II, 9-IV, 2-VIl, VII; sclerotized bases of 1, 2-P; leaf- 
lets on 3-T and 1-I; size of the abdominal anterior tergal plates; location of 
abdominal seta 0; and shape of the median plate on the spiracular apparatus. 

Of these, the differences in 2,8-C, 3-T, size of anterior tergal plates, loca- 
tion of seta 0 and shape of the median plate are the most diagnostic. Charac- 
ters to separate the larvae of varuna and jeyporiensis are: barbs or branches 
on setae 2-4-C, 2-P, 1-M, 9-T,IV, 8-S and 1-X; leaflets on 3-T and 1-II; size 
of abdominal anterior tergal plates; location of abdominal seta 0; and develop- 
ment of tips of basal branches on 2-X. Of these, the differences in 2-4-C, 1-X, 
3-T, anterior tergal plates, location of seta 0 and 2-X basal branches are the 
most distinct. 
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If larvae of vavuna in Thailand occur without barbs on 2-C, or if these 
barbs are overlooked, these larvae could be incorrectly identified as pampanai 
since both species have large abdominal tergal plates with seta 0 arising on 
the plates some distance from the edge. There are several other characters, 
however, that will separate the larvae of these 2 species under these circum- 
stances, they are: 9-P branches--pampanai (7-12), varuna (10-15); 4-M 
branches and their length--pampanai (2,3 long, summation both sides 4-6), 
varuna (3-6 short, summation both sides 6-10); tips of 3-T leaflets--pampanai 
nearly always with abruptly tapering, blunt tips), vavuna (with long gradually 
tapering, filamentous tips); 13-III branches and development--pampanai (6-12, 
weakly developed, smaller than 13-IV), varuna (3-5 large stout branches, 
equal size of 13-IV); and anterior tergal plate Il--pampanai (concave on caudal 
margin with posterior tergal plate separate), vavuna (convex on caudal mar- 
gin, enclosing posterior tergal plate). 

Taxonomically, varuna represents a distinct specific taxon that is an obvi- 
ous member of the Minimus Species Group. This species possesses fairly 
variable adult characters, and may appear very similar to several other spe- 
cies in the Minimus Group. In addition, highly variable characters on aconitus, 
minimus and possibly fluviatilis, often overlap and obscure the diagnostic char- 
acters on vavuna. When possible, every effort should be made to confirm 
suspected adults of varuna by rearing additional specimens with associated 
immature skins. This is the only basis on which additional records of varuna 
in Thailand or Southeast Asia should be accepted. 

In the past (Christophers 1924a, Christophers and Puri 1931, Christophers 
1933), this species was thought to have its closest affinities with minimus. 
Based on 18 character states (adult, pupal and larval) examined during this 
study, varuna has the most similarities with mangyanus, pampanai, aconitus, 
fluviatilis, flavirostris, minimus and filipinae, in decreasing order. Accord- 
ingly, I consider varuna quite distantly rather than closely related to minimus. 

BIONOMICS. The habitat and biology of varuna in Thailand are poorly 
known, and most of the biological information here is based on Indian and 
Burmese studies. Larvae of varuna are typically found in stagnant, but fresh 
water in ponds, ditches, irrigation canals, roadside pools and particularly 
man-made earthen or brick-lined wells in the flat plains areas of India (Chris- 
tophers 1933, Russell and Rao 1940). In Tamil Nadu, India, larvae of this 
species were extremely abundant in wells, with irrigation canals a poor 2nd 
and rare in tanks (ponds), ditches and pools in any type of ricefield (Russell 
and Rao 1940). Rao (1961) reported larvae of this species as most common in 
slowly running water including seepage water sources in hill tract areas of 
India and Khin-Maung-Kyi (1971) in Burma, found larvae most common in slow 
running, grass-edged streams and seepages and ricefields with seepage water 
in hilly areas where the water source is exposed to sunlight. Rao (1961) also 
noted that larvae have been found in habitats with dense vegetation, but they 
are more abundant when the vegetation is cleaned up, and in some collections 
larvae seem to prefer shade under overhanging vegetation. Larval collections 
of varuna in Thailand have come from still seepage water, still water along a 
stream margin or from a large isolated stream pool. The last 2 habitats had 
abundant emergent grass and other vegetation and the larvae were collected by 
pressing the vegetation down or moving it aside. 

Very few publications have mentioned the elevation requirements of varuna. 
Recently, Prakash and Husainy (1974a) collected this species between 152 m to 
over 761 m in Madhya Pradesh, India, with the peak density between 457-609 
m. Rahman etal. (1975) in Tamil Nadu, India, found larvae of varuna only ina 
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forested area between 300-450 m. The collection from Lampang Province, 
Thailand was made at 200 m or above, while the 1978 collections from Chiang 
Mai Province were made at approximately 400 m. 

Reports on the adult behavior of varuna have been contradictory and con- 
fusing, causing Covell (1944) and Rao (1961) to discuss the possibility of 2 
different biological races of vavuna in India. Generally, early references 
(e.g., Covell 1944) note that in the flat plains areas of India the species is 
zoophilic, feeding primarily on bovines, and found resting much more common- 
ly in cattle sheds than human habitations. Khin-Maung-Kyi (1971) reported 
the same behavior for Burmese specimens. Rao (1961) summarizes reports 
from the hilly areas of east central India, where varuna adults were often cap- 
tured in human habitations and were decidedly anthropophilic. More recently, 
Prakash and Husainy (1974a) working in the hills of east central India, found 
varuna purely zoophilic and exophilic, with a distribution restricted to forested 
areas. Precipitin tests showed contradictory primate-bovine frequencies for 
different samples from India, Nepal and Pakistan (probably = Bangladesh) 
(Bruce-Chwatt et al. 1966). 

Apparently adult varuna are basically exophilic and very prone to seek and 
use outside resting shelter if it is available. Muirhead-Thomson (1951) found 
numerous varuna adults resting on the steep shaded banks over small streams. 
Of the over 2,000 adults he captured, 47% were blood-fed. Muirhead-Thomson 
also reported that development of eggs in the ovaries required about 48 h dur- 
ing the warmer part of the year. Rao (1961) reported on previous studies indi- 
cating that repeated feeding may be necessary for varuna eggs to mature. This 
physiological behavior was also mentioned in the culicifacies Bionomics section 
and is known as "'gonotrophic discordance." 

Adults of varuna (probably females) have been reported to have a flight 
range up to slightly less than 1 km (Rao 1961). Adults in southern India were 
usually most prevalent during the monsoon season, however, in Burma, Khin- 
Maung-Kyi (1971) described a seasonal prevalence with 2 peaks, one during the 
early part of the monsoon and a higher peak just after the wet monsoon ends. 
Khin-Maung-Kyi also gave the only reference to hourly biting preferences, i.e. 
on cattle between 1800-2400 h. No reports are available on the susceptibility 
of this species to insecticides. 

Several parasites other than Plasmodium spp. have been reported from 
varuna, these are: Coelomomyces anophelesicus Iyengar and C. indicus found 
in Indian specimens (Iyengar 1935, 1962); Thelohania legeri Hesse, and T. 
obscuva Kudo, from Indian larvae; and a Mermis sp. in Indian larvae. These 
last 2 reports were summarized by Jenkins (1964). Recently, Hazard and 
Anthony (1974) placed the species of Thelohania parasitizing mosquitoes in the 
genus Pavathelohania Codreanu. 


3 


HYBRIDIZATION EXPERIMENTS 


One of the primary objectives of this study was the experimental hybridiza- 
tion of as many of the species in the series as possible. It was hoped that these 
experiments would determine to what degree the test species were genetically 
compatible, and if hybrids in nature could be responsible (in part) for the wide 
variation found in adult characters. However, colonization of the respective 
species by the forced mating technique (Ow Yang et al. 1963) was considered 
necessary to produce adequate numbers for hybridization attempts. Most 
members of this series had not been colonized, and previous attempts had 
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shown that aconitus and minimus would not mate in the laboratory. Once 

colonies of the test species were successfully maintained by the forced mating 

technique, then the technique was considered sufficiently reliable for the 
colonies to serve as controls for the crossing experiments. Unfortunately, 
time limitations and the low density and sparse distribution of most of the 
series members in Thailand made colonization and subsequent hybridization 
experiments possible only with aconitus and minimus. 

By 1969-early 1970 successful colonies of aconitus and minimus were being 
maintained in Thailand by the forced mating technique, and hybridization ex- 
periments were initiated. Handling requirements used during the experiments 
were as follows: 

(1) The specimens used were progeny raised from eggs oviposited by wild 
females in the laboratory, because they appeared stronger than colony 
specimens. 

(2) All specimens were individually isolated when they reached the 4th larval 
stage and assigned a rearing number at that time. 

(3) Adults were individually isolated in small cup containers upon emergence 
and provided with a dilute sugar source and skins of immature stages were 
mounted on slides to confirm identification. 

(4) Females were allowed one blood meal and were at least 48 h old before 
mating, while males were at least 24 h old before mating. 

(5) Identities of the adults were confirmed again by the associated immature 
skins just before actual forced mating. 

(6) Forced-mated females were placed in individual cup containers with a 
dilute solution of a locally produced multivitamin syrup and placed ina 
separate room from the males. 

(7) Gravid females were maintained in isolation and allowed to oviposit. 

(8) Eggs from a given female were placed in a small hatching container, then 
transferred to a larger pan of water with a screen covering. 

(9) Hybrid larvae reared to 4th instar were individually isolated and skins 
were collected and mounted on slides when the adults emerged. 

This strict regimen was maintained throughout the experiments and the chance 

of accidental mating was considered eliminated. 

A total of 122 crosses were made between aconitus and minimus, of which 
46 were aconitus 2 x minimus % and 76 were minimus ¢ x aconitus %. In the 
former category one aconitus oviposited 29 eggs and these failed to hatch. In 
the alternate cross 8 minimus oviposited 535 eggs, but only 153 eggs from 4 
different females hatched. All larvae died before reaching 3rd instar, except 
3 from one female. These 3 produced 2 adult males and one dead female 
pupa. Both males were morphologically more like minimus, with distinct 
scales on the scutum. One male died within 6 h, while the 2nd male was back- 
crossed to a minimus female after 30 h. Although this female remained alive 
7 days after mating and was given a blood meal, she did not oviposit. None of 
the females involved were dissected to determine if they were fertilized, eggs 
were not checked for embryonation and the 2 hybrid males were not checked 
for testes development. 

Although certain questions remain unanswered, the results of these crosses 
appear very similar to several crosses conducted between members of the 
Maculipennis Species Group (Kitzmiller et al. 1967), between stephensi and 
maculatus Theobald (Narang et al. 1972) and several crosses discussed in 
Kitzmiller (1976). These crosses are characterized by the oviposition of 
only a few eggs, of which most do not hatch, and those larvae that do hatch 
are usually unable to develop beyond the early larval stages. According to 


Harrison: Myzomyia Series of Anopheles in Thailand 121 


Coluzzi and Kitzmiller (1975) these characteristics are indicative of consider- 
able genetic incompatibility. 

Based on the results of these experiments I feel very confident that hybrids 
of aconitus x minimus, if they exist in nature, are extremely rare and not a 
significant factor in the study of variations of these 2 species. Accordingly, 
based on these hybridization experiments and the accompanying progeny mor- 
phological studies, I consider aconitus and minimus distinct species that are 
not only morphologically distinct in nearly every life stage, but also genetically 
incompatible. These finding imply that these 2 species are phylogenetically 
distantly related members of the Minimus Group. 
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Setal branching on pupae of Anopheles (Cellia) aconitus (counts from 


10 or more setae) 
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TABLE 8. Continued 
“Seta. Range Mode Seta Range | Mode 
Abdomen IX Paddle 


1 3-7 3 1 1 1 


TABLE 9. Setal branching on pupae of Anopheles (Cellia) culicifacies 
(counts from 10 or more setae) 


Seta Range Mode_ Seta Range Mode _ Seta Range 
Cephalothorax Abdomen II (Cont. ) Abdomen V 
1 2-3 2 6 1 1 0 1-2 
2 2-3 3 7 4-8 4 1 1 
3 3-5 4 8 - - 2 3-5 
4 2-4 > 9 1 1 a 2-3 
3) 4-7 6 10 ~ - 4A 3-5 
6 2-3 3 D 3-5 
4 1-3 3 Abdomen III 6 1-3 
8 1-2 1 7 1-4 
9 1-3 2 0 1-2 1 8 1-4 
1 0-8 5) 9 1 
Metanotal Plate 2 o-9 8 10 1-2 
3 2-5 4 11 1-2 
10 1-3 3S 4 4-8 4 14 1 
11 3 a 5) 6-8 7 
12 3-4 3 6 2-5 3 Abdomen VI 
13 0-2 0 1 1-5 5 
8 2-5 3 0 1-2 
Abdomen I 9 1 1 1 1 
10 1-3 2 2 3-5 
| 45+ - 11 1-2 1 3 1-3 
rs 3-5 3 14 : 1 ‘| 1-3 
3 1-2 1 5) 3-5 
4 2-5 4 Abdomen IV 6 1-2 
a 2-3 3 7 i 
6 1 1 0 1 1 8 2-3 
7 3-6 4 1 3-7 5 9 1 
9 1-2 1 2 3-6 5 10 1-2 
S 5-7 o 11 1-2 
Abdomen II 4. 3-6 4 14 1 
5 4-7 3) 
0 1-2 1 6 2-3 3 Abdomen VII 
1 8-13 9 7 1-4 3 
2 5-8 6 8 1-3 2 0 0-1 
3 2-3 a 9 1 1 1 1 
4 3-8 9) 10 1-2 2 2 3-5 
3) 2-4 4 11 1-2 1 | 2-3 
14 4 1 4A 1-2 
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TABLE 9. Continued 


ee ee 
Abdomen VII (Cont. ) Abdomen VIII Paddle 
a 2-4 3 0 1 1 1 1 1 
6 1-2 1 4 1-2 1 2 1-4 3 
d 1 1 9 14-19 18 
8 1-3 3 14 1 1 
9 1-2 1 
10 1-3 2 Abdomen IX 
11 1-3 2 
14 1 1 1 2-5 3 


TABLE 10. Setal branching on pupae of Anopheles (Cellia) jeyporiensis 
(counts from 10 or more setae) 


_Seta__Range Mode Seta Range | Mode Seta Range | Mode 


C ephalothorax Abdomen II Abdomen IV 
1 1-2 1 0 1 1 0 1 1 
Z 1 1 il 5-8 i 1 3-5 4 
3 1-2 a 2 2-4 3 2 1-3 3 
4 2-3 2 3 1 1 3 3-5 4 
9) 2-4 a) 4 2-6 4 4 1-3 2 
6 1-3 2 D 1-2 2 5D 3-5 4. 
7 1 1 6 1 1 6 1-2 1 
8 1 1 7 2-6 5 7 1-3 2 
9 2-3 2 8 ~ - 8 1-2 1 
9 1-2 1 9 1 1 
Metanotal Plate 10 - - 10 1-2 1 
11 1 1 
10 1 1 Abdomen III 14 1 1 
11 2-4 3 
12 2-5 3 0 1 1 Abdomen V 
13 - ~ 1 4-6 D 
2 3-4 3 0 1 1 
Abdomen I 3 1-2 1 1 1-3 2 
4 2-4 3 2 1-3 1 
1 45+ - D 3-6 D 3 1-2 1 
2 3-5 ) 6 1-3 1 4A 1-3 2 
3 1 1 7 1-3 3 9) 2-5 3 
4 2-4 5 8 1-2 1 6 1 1 
5 1-2 1 9 1 1 7 1-3 2 
6 pot 1 10 1-3 2 8 1-2 1 
7 2-5 3 11 1 1 9 1 I 
9 1 1 14 1 1 10 1-2 1 
11 1-2 1 
14 1 1 
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Seta Range Mode Seta Range Mode_ Seta Range Mode 


Abdomen VI Abdomen VII Abdomen VIII 
0 0-1 1 0 1 1 0 1 
1 1-2 1 1 1-2 1 4 1-3 
2 1-3 2 2 1-3 1 9 7-11 
3 1-2 1 3 1-3 2 14 1 
4A 1 1 4 1-2 1 
o 1-3 3 ‘ 1-4 2 Abdomen IX 
6 1 if 6 1-2 1 
7 1-2 1 7 1 1 1 3-4 
8 1-2 1 8 1-2 2 
9 1 1 9 1 1 Paddle 
10 1-2 1 10 1-3 2 
11 1-2 1 11 1-2 1 1 1 
14 1 1 14 1 1 2 1-3 


TABLE 11. Setal branching on pupae of Anopheles (Cellia) minimus 
(counts from 10 or more setae) 


“Seta Range | Mode Seta Range | Mode Seta Range | Mode 


Cephalothorax Abdomen I (Cont. ) Abdomen III (Cont. ) 
1 4 4 7 3-7 7 6 4-7 
2 3-6 4 9 3-5 4 7 3-7 
3 3-5 4 8 1-5 
4 3-7 4 Abdomen II 9 | 1 
5 7-10 9 10 1-5 
6 3-5 4 0 1 1 11 1 
i 2-3 2 1 17-44 21 14 1 
8 1 1 2 4-7 4 
9 4-6 4 3 0-10 7 Abdomen IV 
4 5-8 8 
Metanotal Plate D 5-8 7 0 1-6 
6 1-2 1 1 6-13 1 
10 2-3 2 7 3-9 5 2 5-11 
11 3-6 5 8 0-1 0 3 7-9 
1Z 3-6 4 9 1-2 1 4 1-6 
13 ~ - 10 0-1 0 5 5-8 
6 3-5 
Abdomen I Abdomen III 7 1-5 
8 1-4 
1 45+ a 0 1-5 4 9 1 
2 5-9 6 1 11-26 14 10 1-3 
3 2-4 2 2 6-10 10 11 1 
4 7-9 7 3 5-11 8 14 1-2 
5 2-3 2 4 4-7 4 
6 2-3 2 5 9-13 10 
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TABLE 11. Continued 
Seta Range Mode _ Seta Range Mode Seta Range Mode 
Abdomen V Abdomen VI (Cont. ) Abdomen VII (Cont. ) 
0 1-7 2 3) 4-7 5) 10 2-4 3 
1 1-5 1 6 2-3 3 11 1-3 3 
2 0-8 6 fi 1 1 14 1-2 ft 
3 2-4 2 8 1-3 1 
4 3-4 4 9 f 1 Abdomen VUI 
5) o-7 D 10 1-2 2 
6 2-4 3 tt 1 i 0 1 1 
7 2-6 4 14 1-2 1 4 2-3 Pe 
8 1-3 3 9 7-14 13 
9 1 1 Abdomen VII 14 1 1 
10 1-3 1 
11 1 1 0 1-3 1 Abdomen IX 
14 1-2 1 1 1-4 1 
2 3-95 3S 1 3-5 4. 
Abdomen VI 3 2-4 2 
4 1-3 2 Paddle 
0 1-3 1 5 2-7 9) 
1 1-3 1 6 1-3 1 1 1 1 
2 3-6 5) 7 1 1 2 3-5 4 
3 2-3 2 8 2-4 3 
4 1-3 o 9 1-2 1 
TABLE 12. Setal branching on pupae of Anopheles (Cellia) pampanai 
(counts from 8 setae) 
Seta Range Mode_ Seta Range Mode Seta Range Mode 
C ephalothorax Abdomen I Abdomen II (Cont. ) 
1 4-5 5D i 45+ - 6 1-3 3 
2 3-6 4 2 4-7 6 7 6-14 a 
2 5-6 9) 3 1-2 1 8 - - 
4 5-7 5) 4 o-6 6 9 1 1 
5) 5-10 8 5 2-4 3 10 0-1 0 
6 3-4 4 6 2-3 | 
7 2-4 3 . 5-9 Yi Abdomen III 
8 1-3 1 9 3-6 9 
9 3-6 4 0 1-2 1 
Abdomen I 1 13-27 17 
Metanotal Plate 2 7-12 9 
0 1 1 3 3-6 A 
10 2-5 3 1 16-33 27 4A 4-9 6 
11 4-5 4 ee 5-10 7 9) 7-15 12 
12 3-6 % 3 3-90 4 6 5-8 5D 
13 ~ ~ 4 6-10 7 7 o-9 7 
9) 5-7 6 8 3-6 4 
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Seta Range Mode_ Seta Range Mode Seta Range Mode 


Abdomen III (Cont. ) Abdomen V (Cont. ) Abdomen VII (Cont. ) 
9 1-2 1 D 5-8 fi 1 2-4 3 
10 3-4 4 6 3-5 4 y. 3-4 3 
11 1 1 7 5-6 é 3 3-5 3 
14 1 1 8 1-3 3 4 2-3 3 
9 1 1 a 5-7 is 
Abdomen IV 10 2-3 2 6 2-5 3 
11 1 1 T 1-2 1 
0 1-2 1 14 1 1 8 3-5 4 
1 7-11 11 9 1 1 
2 5-6 6 Abdomen VI 10 3-4 3 
3 6-9 7 11 2-3 3 
4 4-6 5 0 1 1 14 1 1 
9) 6-9 6 1 2-4 3 
6 4-6 5 2 5-6 a Abdomen VIII 
7 5-6 5 3 2-3 3 
8 2-4 4 4 2-4 3 0 1 1 
9 1 1 5 4-7 6 4 2-4 3 
10 2-3 2 6 2-3 3 9 11-24 20 
11 1-2 1 i 1-2 1 14 | 1 
14 1-2 1 8 2-5 3 
9 1 1 Abdomen IX 
Abdomen V 10 2-3 2 
11 1-2 1 1 4-5 4 
0 1-2 1 14 1-2 1 
1 2-4 3 Paddle 
2 4-7 6 Abdomen VII 
3 3-4 4 1 1 1 
4 4-5 5 0 1 1 2 3-4 3 


TABLE 13. Setal branching on pupae of Anopheles (Cellia) varuna 
(counts from 14 or more setae) 


Seta Range Mode _ Seta Range Mode Seta Range Mode 


Cephalothorax Metanotal Plate Abdomen I (Cont. ) 
1 2-5 4 10 1-3 1 3 1-2 
2 3-5 4 11 3-5 5 4 4-10 
3 3-6 5 i2 3-7 4 5 1-3 
4 2-5 3 la - - 6 1-3 
5) 6-8 6 7 4-7 
6 2-4 My Abdomen I 9 2-5 
7 2-3 2 
8 1 1 x 45+ - 
9 2-5 3 2 6-8 
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Continued 


TABLE 13. 


Mode _ Seta Range Mode 


Range 


Mode Seta 


Range 


seta 
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TABLE 14. Setal branching on larvae of Anopheles (Cellia) aconitus 
(counts from 10 or more setae) 


Seta Range Mode_ Seta Range Mode_ Seta Range Mode 


Antenna Mesothorax Abdomen (Cont. ) 
1 1 1 1 30-39 oo 12 2-4 3 
2 1 1 2 1-3 2 1a 6-10 8 
3 | 1 5 i! 1 
4 4-7 5 4 3-5 3 Abdomen II 
e 1 1 9) 1 1 
6 1 1 6 3-5 4 0 1-2 1 
7 2-5 3 1 16-19 16 
Head 8 18-24 21 2 3-5 4 
9 1-2 1 3 1 1 
1 1 1 10 1 1 4 4-7 6 
2 9-18 14 11 1 1 5 3-5 5 
3 1-9 6 12 2 Z 6 26-30 29 
4 1-6 3 13 5-10 8 iz 28-31 29 
* 11-16 12 14 8-15 11 8 1-4 3 
6 12-17 14 9 6-9 8) 
7 15-18 17 Metathorax 10 3 3 
8 1-5 3 11 5 3 
9 5-9 5D 1 1-2 2 12 3-4 3 
2-4 3 2 1-2 1 13 7-11 9 
11 42-50 45 2 11-17 15 14 1-3 2 
3-8 6 4 2-4 3 
7-13 9 5 32-40 34 Abdomen III 
5-6 ) 6 3-5 4 
4-7. 6 i 30-35 31 0 1-3 1 
8-11 9 8 32-39 36 1 17-23 20 
9 5-7 9) Ys 3-4 3 
Prothorax 10 1 1 3 1 1 
it 1 1 4 3-6 3 
0 1-2 1 12 3-4 3 5 4-6 6 
1 19-24 21 13 3-4 3 6 17-22 20 
2 10-14 14 7 4-8 9) 
3 1 1 Abdomen I 8 2-3 2 
4 10-14 17 9 4-8 6 
5 36-45 38 1 12-14 14 10 2-4 3 
6 1 1 2 1-3 3 Lt 2-4 3 
7 23-29 25 3 1 1 12 2-3 3 
8 29-33 29 4 4-6 4 13 7-12 8 
9 9-11 9) ) 4-6 5 14 1-3 2 
10 1 1 6 27-37 32 
11 2-4 3 4 24-28 26 Abdomen IV 
12 1 1 9 4-7 6 
13 4-8 5 10 2-4 3 0 1-2 1 
3-5 4 11 4 4 1 18-22 20 
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TABLE 14. Continued 
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TABLE 15. Setal branching on larvae of Anopheles (Cellia) culicifacies 
(counts from 10 or more setae) 


SSS oom 
Seta Range Mode Seta Range Mode Seta Range Mode 


Antenna Mesothorax Abdomen I (Cont.) 
1 1 1 1 24-30 26 12 3-4 3 
2 1 1 2 2-4 2 13 4-7 6 
3 1 1 3 1 1 
4 3-7 a 4 3-4 3 Abdomen II 
5 1 1 5 1 1 
6 1 1 6 3-4 5 0 -2 1 
7 3-4 3 1 14-18 17 
Head 8 18-28 a2 2 3-6 4 
9 1 1 S I 1 
1 1 1 10 1 1 4 4-6 4 
2 1 1 11 1 1 5 3-5 4 
5 1 1 12 1-2 ’ 6 27-34 32 
4 1 1 13 6-10 fe 7 25-32 31 
5 11-16 14 14 7-13 10 8 3-4 3 
6 12-14 14 9 6-9 8 
7 16-21 17 Metathorax 10 2-4 3 
8 1 1 11 2-4 3 
9 4-6 4 1 2-4 5 12 3 3 
10 1-2 1 2 1 1 13 7-10 8 
11 38-44 43 3 5-10 1 14 1 1 
12 3-4 3 4 2-3 3 
13 4-7 6 5 35-41 35 Abdomen III 
14 10-15 11 6 2-4 ane 
15 8-15 11 7 26-35 32 0 1-2 1 
20 7-15 10 8 30-41 38 1 15-21 sa 
9 4-14 8 2 3-4 3 
Prothorax 10 1 1 3 1 1 
11 1 1 4 3-6 3 
0 1 1 12 1-4 2 D 3-5 4 
1 16-25 17 13 3-4 3 6 21-27 Zo 
2 9-14 12 7 4-7 5 
G 1 1 Abdomen I 8 2-3 3 
4 11-18 13 ) 6-9 8 
5 27-42 34 1 11-14 12 10 2-3 3 
6 1 1 2 2-4 3 11 2-3 3 
7 17-27 23 3 1 1 12 2-4 3 
8 27-41 Ae 4 - 4 13 7-11 8 
9 6-13 9 5 ~ 3 14 1-2 1 
10 1 6 _ 28 
11 2-5 7 28 Abdomen IV 
12 ral 9 5 
13 4-6 10 2 1 1 
14 4-7 11 4 17-23 18 
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TABLE 15. Continued 


Seta Range 


Mode _ Seta 
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TABLE 16. Setal branching on larvae of Anopheles (Cellia) jeyporiensis 


(counts from 10 or more setae) 


Seta Range 


Antenna 
1 1 
2 1 
3 1 
4 3-6 
5 1 
6 1 


Mode 


ee 
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Our WD -& 


Range 
Head 
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TABLE 16. Continued 


Seta Range Mode Seta Range Mode_ Seta Range Mode 


or Whe 


Head (Cont. ) 


Prothorax 


1 
23-35 
10-15 

1-2 
14-18 
49-60 

1 
24-32 
29-36 
10-12 

1 

3-9 

1 
4-6 
3-4 


Mesothorax 


2-4 
3-4 
23-31 


1 
1 
1 
2-3 
o-9 
0-1 


10-16 


Metathorax 


6 
12 
3 
2 


bo oo 


DD COW R SS OWWH WED -J 


—_ 


Metathorax (Cont. ) 


6 
7 
8 


3-4 
29-38 
28-36 
11-14 

1 


2-9 
3 


Abdomen I 


COIWW WRN DW co 
i i J 
COO rR SP TI W W OIC 


ow) 
I 
me OO 


Abdomen II 


Se Se 
> 


| Gee: a 
meen 


m «TDD 0 0 CW 1 BD OD 
I 

DR aAahHRhwWwWoo 
—_ 


Abdomen III 


1 
15-22 


DO © 
NOP WOOD O FP Te WD 


DO bo 
moprpwohowT]01oraonrhre 


Abdomen III (Cont. ) 


OmMmTAnurhrwhr oO 


a dt pt 
N= © 


i 
1 = | 
(ep) 


Memb oo WwW PD oa] OF & 
i 
dD co PRP OFF1010O WON © OD 


p= 
I 

oo 

bo 


Saaowwh owam od = 01rF Ol 


Abdomen IV 


—_ 
— 
-— 


bok 
~] 
1 
Bmwwhrawonwawwreor 


OnNN = 
I I 
Hm C OO B® DO DO 


BPbwWNWoahN Aw 
| 


I 
moorhh oa fb A 


Abdomen V 


16-21 2 
1 


OMWoOhD O10 71W eS 
i ISSERS eee: evi | 
See ee 


WWRATNORPOWHE Or 


186 Contrib. Amer. Ent. Inst., vol. 17, no. 4, 1980 
TABLE 16. Continued 


~ Seta Range Mode Seta Range Mode _ Seta Range Mode 


Abdomen V (Cont. ) Abdomen VII Spiracular Lobe 
13 4-5 4 0 1 1 1 0-9 8 
14 1-2 2 1 14-19 16 2 9-8 6 
2 3-90 3 3 0 0 
Abdomen VI 3 2-4 a 4 1 1 
4 1 1 5 1 1 
0 1 1 5) 9-13 11 6 3 a 
i 17-20 18 6 3-5 4 7 2 2 
2 1-3 1 7 4-6 4 8 3-5 3 
S 1 1 8 3-90 4 9 4-6 9) 
4 1-2 1 9 0-8 7 10 1 1 
D 8-14 9 10 6-7 6 11 1 1 
6 3-4 4A 11 2-4 3 12 1 1 
f 4-5 D 12 2-4 3 13 1 1 
8 2-4 5 13 3-4 3 
9 6-10 8 Abdomen X 
10 3-5 3 Abdomen VIII 
1} 2-4 3 1 2-3 2 
12 3-4 3 0 1 1 2 15-18 17 
13 7-12 8 1 1-3 ° 3 11-13 12 
14 1-2 1 2 10-13 11 4 9-9 1/2 pairs 
3 7-11 11 
4 3-5 2 
D 4-8 i) 
14 1-2 1 


TABLE 17. Setal branching on larvae of Anopheles (Cellia) minimus 
(counts from 10 or more setae) 


Seta Range Mode Seta Range Mode _ Seta Range Mode 


Antenna Head Head (Cont. ) 
: 1 1 1 1 1 7 15-20 19 
a 1 1 2 i 1 8 0-10 6 
3 1 1 3 1 1 9 4-7 6 
4 5-9 6 4 1-2 1 10 3-4 3 
D 1 1 9) 6-14 10 11 39-48 45 
6 1 1. 6 12-15 13 12 o-7 4) 
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Range 
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6 
7 
6 8 
8 9 
8 10 
9 11 
12 
13 
1 
a2 
14 1 
1 2 
14 3 
42 4 
1 D 
a0 6 
36 f 
11 9 
1 10 
3 11 
1 12 
5 13 
4 
0 
29 1 
1 2 
1 3 
4 4 
1 ie 
4 6 
4 7 
22 8 
1 9 
1 10 
1 11 
1 12 
7 13 
8 14 


16 


39 


Hm De © 


Range 


co 
1 ot = I 
(oP) 


DO DO 
OO > 


SS 
I I 
CO of O1 H =] GW G =) € 


Abdomen II 


1) 
1 ot = I 
fp) 


RP bhNoNWOoOrRA DRO 
I 
ee acleaaiye’ hone <a aay 


oR Ww) 
ee 
oO 


Ss 
© 


Abdomen III 


Mode Seta 
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TABLE 17. Continued 


Seta Range Mode Seta Range Mode Seta Range Mode 
Abdomen VI Abdomen VII (Cont. ) Spiracular Lobe 
0 1-3 2 4 1-2 1 1 8-12 10 
1 15-22 20 D 8-14 10 2 7-11 9 
2 1-2 1 6 2-4 3 3 0 0 
5 1 1 7 4-7 D 4 1 7 
4 1 1 8 4-6 4 D 1 1 
5 9-12 11 9 4-9 7 6 2-4 3 
6 3-4 3 i0 o-8 D 7 1-2 2 
7 4-6 D 11 2-4 2 8 5-8 fi 
8 2-3 Z 12 2-3 2 9 O-7 7 
9 8-9 9 5) 3-5 3 10 1 1 
10 2-4 3 17 1 1 
11 1-4 3 Abdomen VIII 12 1 1 
12 2-4 3 13 1 1 
13 6-10 9 0 1-2 1 
14 1-3 2 1 1-2 1 Abdomen X 
2 8-14 11 
Abdomen VII 3 10-14 12 1 1 1 
4 3-5 4 2 18-22 21 
0 1-3 2 D O- 7 6 3 6-14 8 
1 16-21 19 14 2-3 3 4 9 pairs 9 
2 2-4 S 
3 1-3 3 
TABLE 18. Setal branching on larvae of Anopheles (Cellia) pampanai 
(counts from 10 or more setae) 
Seta Range Mode _ Seta Range Mode Seta Range Mode 
Antenna Head (Cont.) Prothorax (Cont. ) 
1 1 1 8 3-6 D 4 12-14 14 
2 1 1 9 4-8 7 D 37-47 41 
3 1 1 10 3-5 3 6 1 1 
4 O-7 6 11 39-48 48 7 25-30 26 
D 1 1 12 6-10 8 8 34-41 37 
6 i 1 13 7-11 8 9 7-12 9 
14 8-15 11 10 1 1 
Head 15 8-10 8 11 2-4 4 
20 16-20 18 12 1 1 
1 1 1 13 o-9 6 
2 1 1 Prothorax 14 3-5 4 
5 1 1 
4 I 1 0 1 1 Mesothorax 
9) 11-14 13 1 16-27 23 
6 12-16 15 2 14-20 16 1 24-30 Ao 
‘| 17-22 19 3 1 1 2 1-3 1 
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TABLE 18. Continued 
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TABLE 18. Continued 


Seta Range Mode _ Seta Range Mode Seta Range Mode 


Abdomen VII (Cont.) Abdomen VIII (Cont. ) Spiracular Lobe 


D 6-11 10 2 10-13 12 7 2 2 
6 4-6 4 2 6-12 9 8 4-8 D 
7 4-6 5) & 3-95 4. 9 3-6 os 
8 4-6 5 5) o-3 6 10 1 1 
9 6-11 8 14 1-2 2 11 1 1 
10 0-8 7 12 1 1 
11 2-3 > Spiracular Lobe 13 1 1 
12 2-3 2 
13 3-9 4 1 6-9 8 Abdomen X 
2 0-8 8 
Abdomen VIII 3 0 0 1 1 1 
4 1 1 2 17-20 19 
0 1 1 D 1 1 3 8-12 11 
1 1-2 1 6 2-3 3 4 9 pairs 9 


TABLE 19. Setal branching on larvae of Anopheles (Cellia) varuna 
(counts from 12 or more setae) 


Seta Range Mode _ Seta Range Mode_ Seta Range Mode 
Antenna Prothorax Mesothorax (Cont. ) 

1 1 1 0 1 1 8 20-26 21 
2 1 1 1 21-29 23 9 1 1 
3 1 1 2 16-21 20 10 1 1 
4 6-9 8 3 1-2 1 11 1 1 
5 1 1 4 13-18 14 12 1-2 2 
6 1 1 5) 25-40 34 13 o-11 6 
6 1 1 14 10-16 13 

Head 7 25-34 30 

8 34-41 39 Metathorax 

1 1 1 9 10-15 12 
2 1-4 3 10 1 1 1 2-3 2 
3 1-2 i, 11 3-5 3 2 1 1 
A. 1 I 12 1 i 3 15-23 18 
5) 14-17 16 13 3-5 a 4 2-90 3 
6 15-18 16 14 3-6 4 9) 37-44 42 
i 18-20 19 6 4-5 4 
8 3-9 6 Mesothorax 7 34-39 390 
9 3-7 3) 8 33-41 ot 
10 3-5 3 1 23-33 29 9 6-9 6 
11 43-50 44, 2 1-2 1 10 1 1 
12 4-7 6 3 1 1 11 1 1 
is 6-8 6 4 3-5 4 12 3-5 4 
14 6-9 7 5) 1 1 13 3-4 3 

15 7-11 10 6 3-5 4 

20 6-10 8 i 3-4 3 
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TABLE 19. Continued 


Mode Seta Range Mode 
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TABLE 19. Continued 


Seta Range Mode 
Abdomen X 

1 1 1 

2 17-21 19 

5 9-13 13 

& 9 pairs 9 
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INDEX 


Valid names are in roman type, while synonyms, rejected names and non- 


valid combinations are italicized. 
ment of the species. 


Italicized pages designate the primary treat- 
The letters "k"' or "'t" after a page number indicate a key 


or table, respectively. Numbers in parentheses refer to figures for that spe- 


cies. 


aconita 33 
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geonitus 1, 2, 5, %, 8, 10, 15k; Ti{k, 
18-20, 24-30, 31k, 32k, 33, 37-42, 
43t, 44-50, 51t, 52, 53, 58, 59, 
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1@2t (3, 4, 5, 5,1, 8, 9) 

aconitus albirostris 33 

aconitus var, cohaesa 719, 83 

aconitus var. tonkinensis 65, 70, 71 

adenensis 2, 192 

Aedes 29, 42, 44, 90, 116 

aegypti, Aedes 44, 90 

Agamodistomum 65 

albirostris 2, 33, 38, 40, 48, 192 

annularis 29 

Anopheles (Genus) 1, 2, 4, 8, 10, 11, 
26, 21, 14, 15 

Anopheles (Subgenus) 4, 10k, 11k, 
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IN THE ORIENTAL REGION (DIPTERA: CULICIDAE). ! 


by 


PETER F. MATTINGLY2 


ABSTRACT 


The subgenus Rachionotomyia is redescribed and 5 species currently 
included in Tripteroides s. str. are transferred to it. The genus T'vicholep- 
tomyia is resurrected from synonymy as a valid subgenus. One species is 
transferred to it from Rachionotomyia. It is taken to include all the unorna- 
mented Philippines spp. except vozeboomi. This is transferred temporarily 
to Rachionotomyia though probably requiring a new subgenus when better 
known. One species is transferred from the subgenus Rachisoura to Trip- 
teroides s. str. The latter is redefined but further treatment is confined to 
inclusion of the early stages in the keys to Rachionotomyia from which many . 
are currently indistinguishable. Further work on this subgenus is badly 
needed. It is noted that Polylepidomyia is resurrected from synonymy and that 
2 species are transferred from Rachionotomyia to Rachisoura. These Austral- 
asian taxa are included with the other 3 in a key to subgenera but further dis- 
cussion is reserved for another publication. A general conspectus of the tribe 
Sabethini is included together with keys to the Old World genera and a conspec- 
tus of genus T’vipteroides. Diagnostic features of the Oriental subgenera are 
listed and the species here included are described in full. Two new species 
described, 2 others are resurrected from synonymy and one is raised from 
subspecies to species. Two new unassociated larvae are described but left 
unnamed. All available distribution records are given, those derived purely 
from the literature being listed and discussed separately. Notes on bionomics 
are included for each species. None of them is of known medical importance. 


1This work was supported in part by Research contracts No. DA-49-193-MD- 
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Present address: The Waldrons, 27 Crawley Down Road, Felbridge, East 
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INTRODUCTION 


The tribe Sabethini contains some 200 currently recognized New World and 
160 Old World species. Although somewhat neglected in comparison to the 
Anophelini and Culicini it is of much bionomic and phylogenetic interest as will 
be seen from the brief general conspectus below (p. 5). Among the New 
World genera Trichoprosopon Theobald is particularly close to Tripteroides 
Giles which is the subject of the present study, morphological characters for 
their separation being currently lacking. Lee (1946: 219) has put forward 
arguments for maintaining them as distinct. TheseI fully accept. I also think 
it most likely that such characters will be found, particularly if these 2 large 
genera are first divided into smaller ones. A start on this has been made by 
Zavortink (1979) in a valuable study of Trichoprosopon now nearing completion. 

A particular difficulty in the case of Tripteroides has lain in the present 
chaotic state of the subgenera. It has been a major concern of the present 
study to rectify this at least in the case of the unornamented subgenera. The 
large and complex ornamented subgenus Tvipteroides must await a further 
study. The genus Tvipteroides has traditionally been pictured as comprising 
2 sections each with its own very distinctive ornamentation. The unornamented 
section are dull colored and inconspicuous with exceptionally abundant whitish 
pleural scaling and somewhat resemble Armigeres Theobald. The ornamented 
species mostly have the back of the head bright blue, silvery scales on the 
pleura and the sides of the abdomen and silver markings on the anterior surface 
of the femora. They show in some cases a most striking resemblance to the 
Ethiopian culicine genus Evetmapodites Theobald. Edwards (1932: 73) included 
all the unornamented species then known in 2 subgenera, Rachionotomyia 
Theobald and Rachisouva Theobald, retaining all but 2 of the ornamented spe- 
cies in Tripteroides s. str. The 2 species in question, affinis (Edwards) and 
dofleini (Gunther), are without silvery markings on the legs or abdominal ter- 
gites and Edwards preferred to include them in Rachionotomyia. In the current 
World Catalog (Knight and Stone 1977: 321) they appear under Tripteroides s. 
str. but in my view Edwards' treatment was correct and I have preferred to 
follow him. This view has been strengthened by the discovery of a new species 
from southern India (coonorensis, p. 30) closely resembling the unornamented 
avanoides complex in the adult but with the larva indistinguishable from that of 
affinis. The relationship between the 2 groups which this implies also accords 
with their geographical distribution, the known Sri Lankan and Indian species 
all falling in the subgenus Rachionotomyia except for one species of Tvipteroides 
s. str. which penetrates into Assam and North Bengal, the others in this sub- 
genus reaching no further west than Thailand. A few species of Tripteroides 
s. str., notably aeneus (Edwards), hybridus (Leicester) and nitidoventer (Giles), 
show some reduction of the ornamentation of the head or legs and grade per- 
ceptibly towards Rachionotomyia. The early stages of aeneus and hybridus are 
known though undescribed. Those of many other species in the subgenus are 
described at best imperfectly. When this situation is remedied further revision 
of the subgenera will almost certainly be needed. For the moment I feel the 
present conservative treatment to be best. | 

During the present study the unornamented Philippines species, with the 
exception of vozeboomi (Baisas and Ubaldo-Pagayon), have been observed to 
form a homogeneous group with excellent diagnostic characters in all stages. 

I have had no hesitation in establishing them as a distinct subgenus (Tvicholep- 
tomyia Dyar and Shannon). Taking all stages together I would indeed regard 
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this as the best characterized of all the subgenera. The unornamented Austral- 
asian species are currently assigned to Rachionotomyia except for those with 
enlarged maxillary spines or "horns" in the larva which are placed in Rachi- 
soura. One ornamented species, mabinii (Baisas and Ubaldo-Pagayon), is 

also placed in Rachisoura in the World Catalog but aside from the presence of 
such "horns" disagrees with that subgenus, and agrees with Tripteroides s. 

str. in all major respects. I have therefore transferred it to the latter. The 
Oriental and Australasian species currently included in Rachionotomyia form 2 
homogeneous groups differing consistently in length of male palp and in various 
features of the male terminalia. Two of the Australasian species currently 
included in this subgenus (obscurus Brug, subobscurus Lee) have the male 
palps much shorter than the others. The early stages of both are unknown. 

The adult female of subobscurus is also unknown but the female of obscurus 

has proved in the course of the present study to have terminalia (in particular 
the insula) highly characteristic of Rachisoura. In my view the combination of 
male palp and female terminalia renders their retention in Rachionotomyia no 
longer tenable and I have transferred them to the short palped Vanleeuweni 
Group of Rachisoura (Mattingly 1980: 166). The reason for their original inclu- 
sion in Rachionotomyia by Lee (1946: 273) appears to have been their narrow 
wing scales. However this is a very variable character in the Vanleeuweni 
Group and they are in fact very little narrower, if at all, than in vanleeuwenti 
(Edwards) itself. Their removal from Rachionotomyia greatly enhances the 
value of the male palp length as a diagnostic character and in my view, when 
taken in conjunction with the differences in male terminalia justifies the separa- 
tion of the Australasian species as a distinct subgenus (Polylepidomyia Theo- 
bald). As with Tripteroides s. str. the early stages are currently indistinguish- 
able at subgeneric level but here again only a small minority of species have 

as yet been described in detail. This remains the principal desideratum for a 
proper understanding of the relationships, both internal and external, of genus 
Tripteroides. 


MATERIAL AND METHODS 


Apart from the Australasian material mentioned below, the 2 largest col- 
lections covered by the present study are those made by the SEATO Medical 
Research Laboratory, U. S. Army Medical Component, in Thailand* and the 
Malaysia Mosquito Project, University of Malaya. This material is housed 
and curated by the Medical Entomology Project (MEP) in the Smithsonian 
Institution. Other Smithsonian material housed with, and supplied to me by 
MEP includes material from India, notably a collection from Madras State 
(B. N. Mohan) which yielded an interesting new species and, of special impor- 
tance, the residue of the collection made by the former 19th Medical General 
Laboratory, U. S. Army in the Philippines. The monograph of the Philippines 
Tripteroides by Baisas and Ubaldo-Pagayon (1953) was largely based on this 
collection. Fortunately nearly all their holotype and allotype material was 
deposited in the Smithsonian, together with paratype and other supporting 
material, shortly after their monograph was completed. Less fortunately 
much of the remaining material has since been lost though some was recovered 
and is now in the Smithsonian. Although, in certain cases, the adults and 


*Currently, U. S. Army Medical Component, Armed Forces Research Institute 
of Medical Sciences, Bangkok, Thailand. 
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early stages can only be provisionally associated this is a particularly valuable 
collection, containing as it does most of the available material of subgenus 
Tricholeptomyia. Some early unassociated adults of microcala (Dyar) have 
survived at the Smithsonian in fair condition but the few surviving adults of 
nepenthicola (Banks) are almost worthless taxonomically. 

Among smaller collections that in the British Museum includes almost all 
the existing types of species in the subgenus Rachionotomyia. Material from 
Sri Lanka, previously scanty, was supplemented by a collection from the 
Biosystematics of the Insects of Ceylon Project supervised by Karl V. 
Krombein, Smithsonian Institution. Some of the Indonesian material collected 
by Brug and his colleagues was already in the British Museum. The remainder 
was loaned by the Leiden Museum. The Amsterdam Museum lent original 
material of tenax (De Meijere). Professor W. W. Macdonald supplied addi- 
tional material from Malaysia and the Thailand material was supplemented by 
the Thurman collection from the Smithsonian. 

Comparative studies of the Australasian species at subgeneric level were 
based on a very large collection of New Guinea material from the Bishop 
Museum, the Solomon Islands material from the Smithsonian studied by Belkin 
(1950, 1955, 1962), earlier material in the British Museum including paratypes 
of species described by Lee (1946) and a collection made by myself in New 
Guinea under the auspices of the Bishop Museum. 

The only holotypes not seen were those of ceylonensis (Theobald) in the 
Indian Museum, said to be in too poor condition to be of use, and szechwanen- 
sis Hsu which is said to be in the Szechwan Medical College, Chengtu. In the 
few cases in which no holotype exists I have marked lectotypes, full details of 
which are given. 

Terminology largely follows that of Belkin (1962) except as regards the 
lateral plates of the phallosome. These are of little or not taxonomic value in 
subgenera Rachionotomyia and Tricholeptomyia but of considerable value in 
Tripteroides s. str., Rachisoura and Polylepidomyia (see Baisas and Ubaldo- 
Pagayon (1953: 31, Delfinado and Hodges 1968: 362, Mattingly 1980: 164). 
They require to be rotated and displayed in lateral view but need not be dis- 
sected out completely. It is usually sufficient simply to separate the 2 halves 
of the terminalia having first separated the IXth segment. Belkin (1950: 222) 
describes them as having "'an apical ventral spur and two dorsal projections". 
Baisas and Ubaldo-Pagayon (1953: 32) substitute the term ''ventral arm" for 
"ventral spur" and recognize only one dorsal projection which they term the 
"dorsal arm". Belkin (1962: 523) substitutes the terms "'tergal apical arm”, 
"sternal apical arm" and "dorsal postmedian arm", noting that the latter 
forms a bridge. This is clearly the smaller of the 2 "dorsal projections" of 
his previous account. It is figured by Baisas and Ubaldo-Pagayon (1953: 33) 
but not named as a separate arm. Finally Delfinado and Hodges (1968: 362, 
364) omit any reference to dorsal arms or projections, describing only the 
"ventral projection” but noting that the aedeagus is tapered distally. It is this 
tapered portion that Belkin calls the "tergal apical arm". I prefer Delfinado's 
interpretation. In contrast to the other structures it is no more than a posteri- 
or prolongation of the main body of the phallosome. I therefore term it the 
"apical process". The "dorsal postmedian arm" of Belkin is very small and, 
since it is completely fused with its counterpart on the other lateral plate, is 
seen as a separate structure only when the two plates are separated. It is of 
no taxonomic value and is often hidden when the lateral plate is rotated. For 
this reason it is absent from most of the accompanying figures. On the only 
occasion on which it has been necessary to refer to it (p. 11) I have termed it 
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the ''tergal arm". Belkin's "sternal apical arm", the ''ventral projection" of 
Delfinado and Hodges, is a much larger, broader structure than either of the 
others. I have preferred to term it the "'sternal lobe". It is absent in 'Tvi- 
choleptomyia. 

Descriptions of the female terminalia have previously only been available 
for Tr. (Tripteroides) bambusa (Yamada) (Hara 1957: 49, La Casse and 
Yamaguti 1950: 48) and Tr. (Polylepidomyia) caledonicus (Edwards) (Coher 
1949: 99). In the course of the present study I have dissected females of all 
the species of Rachionotomyia and Tricholeptomyia for which these are known, 
26 of the 30 species of Tripteroides s. str. with known females and representa- 
tive species from each of the currently recognized species groups of Polylepi- 
domyia and Rachisoura, The number of dissections of individual species is 
too small to permit an assessment of their potential taxonomic value at this 
level though further exploration seems to be justified in a number of cases. 

At the subgeneric level they have proved invaluable for separating Rachisoura 
from Polylepidomyia, a notoriously difficult problem (Mattingly 1980: 164). 
The situation vis-a-vis Tripteroides s. str. and the other subgenera is also 
interesting, the spermatheca being simple in all but 5 species of the former, 
trilobed throughout the latter. Finally there is some interesting, apparently 
intraspecific, variation in avanoides (Theobald) (p. 25). 

In the course of the present study particular attention has been paid to 
larval and pupal chaetotaxy and an attempt has been made to ascertain the full 
range of variation in numbers of setal branches in the available material of 
each species. This has led to the discovery of a small number of individual 
setae of great taxonomic value which would not otherwise have been detected. 
In other cases the extent of overlap between closely related species, especially 
in the avanoides complex, has been found to be small, permitting separation in 
a majority of cases. In the light of studies on the influence of the environment 
on setal branching (Colless 1956: 229 and see Mattingly 1975: 179) a better 
understanding of such factors may well lead to improved diagnosis. This, 
however, will call for coordinated field and laboratory studies of a kind which 
have yet to be undertaken. It is unlikely that the avanoides complex in particu- 
lar can be fully resolved without studies of this kind. 


TAXONOMIC TREATMENT 
TRIBE SABETHINI 


First established as a subfamily by Dyar (1906: 191), this group has since 
had a somewhat checkered history. Edwards (1932: 63) reduced it to a sub- 
tribe within the tribe Culicini. Lane and Cerqueira (1942: 482) and Lane 
(1953: 811) followed him in this but Thurman (1959: 20) recognized 5 tribes 
among them the Sabethini while Belkin (1962: 117) went further, recognizing 
12 tribes and reducing the subfamilies Anophelinae and Toxorhynchitinae to 
tribes within the subfamily Culicinae. Knight and Stone (1977: 4) have since 
restored these to subfamilial rank but still retain the others as tribes. As an 
attempt to express relationships I have only one disagreement with this which 
is that in my view the genera Ficalbia Theobald and Mimomyia Theobald are 
more distantly related than their inclusion in the same tribe (Ficalbiini) would 
suggest. On the other hand the division of the Culicinae into 10 tribes, half 
of them monotypic, seems to me unduly cumbersome for practical purposes 
and in my keys to world genera (Mattingly 1971: 1) I preferred to recognize 
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only 2, the Culicini and Sabethini. I still prefer this treatment. 

The characters traditionally considered diagnostic for the Sabethini are the 
presence in the adult of spiracular, and absence of postspiracular, bristles, 
absence of apical seta from pupal paddle and reduction of larval ventral brush 
to a single pair of setae. The first 2 are so far as is known constant through- 
out the tribe. The third is also constant except in 2 species of Sabethes 
Robineau-Desvoidy which have a single additional pair of small supernumary 
setae. The characters in question are also fully diagnostic when taken in 
combination though each taken individually is shared in whole or in part with 2 
or more culicine genera. Spiracular bristles (or scales in the case of 
Limatus Theobald, are shared with Culiseta Felt, Psorophora Robineau- 
Desvoidy and Uranotaenia Lynch Arribalzaga, absence of paddle setae with 
Mansonia Blanchard, Coquillettidia Dyar and some.Mimomyia and reduction of 
the ventral brush to 2 pairs of setae or less with a few Culex Linnaeus and 
the subgenus Ingvamia Edwards (formerly Ravenalites Doucet) of Mimomyia. 
Each of these genera can, however, be recognized by other conspicuous fea- 
tures. These are detailed in the following description together with some 
other characters of special taxonomic or biological interest. A fuller descrip- 
tion of this large tribe with more than 350 currently recognized species would 
be beyond the scope of the present study. 

ADULT. Male antenna in some cases strongly plumose, in others barely 
distinguishable from that of the female; palps long or short in both sexes, 
those of the male in some cases resembling those of the female, in other 
cases much longer; spiracular scales or bristles present, postspiracular 
bristles absent (distinction from Psorophora), meron with upper edge above 
or in line with base of hindcoxa; hindtibia markedly shorter than first hindtar- 
sal segment; wing surface with distinct microtrichia (distinction from Uvano- 
taenia); upper surface of remigium without bristles (distinction from Culiseta); 
anal vein reaching wing margin well beyond base of fork of Cu (except in 
Malaya Leicester and some Topomyia Leicester); abdominal setae much 
reduced; cerci short and blunt; male dististyle simple to highly elaborate; 
basal lobe of basistyle variously developed, sometimes modified in part to 
form a claspette. 

PUPA. Trumpets usually short (greatly elongated in Tripteroides sp. 

(see p. 18) and Wyeomyia circumcincta Dyar and Knab (Mattingly 1971, Fig. 
25f), never modified for piercing plant tissues (distinction from Mansonia and 
some Mimomyia); paddles always devoid of apical seta. 

LARVA. Head sometimes greatly narrowed in axil or pitcher breeding 
species; antenna short, unjointed (distinction from Ingramia); maxillary suture 
present, absent or present but reduced; thorax and abdomen often with numer- 
ous stellate setae; one or more pairs of thoracic setae often stout, spinose, 
certain abdominal setae sometimes similar (a pair of hooks on segment VII in 
some Sabethes); comb teeth in a patch or a single row, sometimes arising 
from a sclerotized plate, occasionally absent or reduced to 1 or 2 teeth; siphon 
usually very short, greatly elongated in a few species; pecten in some cases 
absent; setae la-S usually well developed, often numerous, rarely absent; 
dorsal setae usually also present (distinction from Culex (Acallyntrum)), with 
or without lateral setae in addition; ventral brush (setae 4-X) reduced toa 
single pair of setae which, however, are always present (distinction from 
some Culex). 

KARYOTYPE. Known only for Trichoprosopon digitatum (Rondoni), 
Tripteroides ?ceylonensis and Wyeomyia smithii (Coquillett) (Aslamkhan 
1971+ 237). 


Mattingly: Tvipteroides of the Oriental Region 7 


DISTRIBUTION. Central America southwards to Argentina, eastern U. S. 
A. northwards to southern Canada and westwards to the western end of the 
Great Lakes, Japan, southern China, Taiwan, Philippines, eastern Australia 
south to Tasmania, Melanesia, Oriental Region westwards as far as Sri Lanka 
and Bombay Deccan, tropical and southern subtropical Africa (genus Malaya 


only). 
BIONOMICS. Zavortink (1979: 14), reviewing the bionomics of Trichopro- 
sopon, notes, "Under natural conditions the immature stages. ..all... 


occur in liquids associated with plants"’. The same is true, with minor excep- 
tions of the whole of the Sabethini. The exceptions include a few records from 
rock holes but these, particularly when containing leaves or other rotting 
vegetation, have very much the character of organic containers and frequently 
harbor species more often associated with these. Tripteroides sullivanae 
Baisas and Ubaldo-Pagayon utilizes snail shells and the larva has some pecu- 
liar features which may suggest a specialized adaptation to these. Bored, split 
and cut or broken bamboos are a major habitat of Old World sabethines and 
these frequently constitute man made, as well as natural, breeding places. 
Wholly artificial containers are utilized by a few species but these are a small 
minority taking the tribe as a whole. Broad leaved cultivars such as Musa, 
Alocasia and Colocasia harbor a few species and some are known only from 
these. They can, however, hardly be said to constitute a wholly natural breed- 
ing place. 

Zavortink notes, ''Some leaf axil breeding sites do not contain open water 
but only a mucilaginous film that may be of plant origin between the appressed 
leaf bases. '' I would add to this that leaf axil breeders are by no means con- 
fined to broad leaved plants. The extreme example to the contrary in my ex- 
perience is an undescribed species of Topomyia collected by Dr. Elizabeth 
Marks and myself in New Guinea. Larvae were found in leaf axils of Alocasia 
holrungerit and Homalomena sp. so narrow that the larvae could be extracted 
only by tearing the plant to pieces. Belkin (1962: 487) says, with reference 
to Sabethini in general, ''Several species have been reported to crawl out of 
‘the water onto the sides of the breeding container.'' This also I can confirm 
from personal observation. I would add that larvae of Malaya leei (Wharton), 
as seen by myself, can crawl with quite extraordinary rapidity ina straight 
line across a wet glass plate. Such behavior must surely be adaptive to mi- 
gration from one axil to another. It is certainly aided greatly by the reduction 
of the ventral brush and could be a very primitive type of behavior. The con- 
dition of the ventral brush, if secondary, must have been attained very early 
in the evolution of the Sabethini since it characterizes the entire tribe. 

Such inaccessible breeding places as small leaf axils must afford consider- 
able protection from predation which I believe to have played a major role in 
the evolution of the early stages of the Culicidae. Various sabethine species 
have themselves been recorded as predaceous but Zavortink, following Galindo, 
Carpenter and Trapido (1951: 133), notes that the behavior involved differs 
markedly from that of obligatory predators such as Toxorhynchites Theobald, 
Psorophora and Lutzia Theobald which devour the prey rather than merely 
sucking its juices as do Trichoprosopon. As noted by Assem (1959: 36) the 
enlarged larval maxillary horns of the "predaceous" Tripteroides spp. are 
equally well adapted to holding large food particles other than prey and these 
must be abundant in the Nepenthes pitchers in which these species breed. I 
am fully in accord with Zavortink in pleading for a reexamination of supposed 
predaceous behavior in the Sabethini. 

Bradshaw and Lounibos (1977: 546) and Istock, Wasserman and Zimmer 
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(1975: 296) have studied the evolution of dormancy and obligatory autogeny 
respectively in the North American Wyeomyia with notes on general bionomics. 

Information concerning adult biology is fragmentary. Species recorded as 
attacking man form only a small proportion of the tribe as a whole but some of 
the New World species at least are of potential medical importance. Arbo- 
viruses have been recovered from 4 genera (Limatus, Sabethes, Trichoproso- 
pon s.1., Wyeomyia Theobald) and at least 9 different species. Details of 
these and their known hosts are given by Mattingly (in Smith 1973: 501). Five 
of them, covering all 4 genera, are recorded as attacking man. Sabethes 
chloropterus (Von Humboldt) in particular is regarded as an important poten- 
tial vector of human yellow fever. Galindo (1958: 429) has made an interesting 
study of its laboratory bionomics as has Miyagi (1973: 196) for Tripteroides 
bambusa. The egg and oviposition behavior have been reviewed for the tribe 
as a whole by Mattingly (1969b: 74; 1974: 231). 

Those species for which information is available are generally agreed to 
be diurnal. The impression gained from the literature and from my own ob- 
servation is that these are often active in bright light or partial shade. Among 
the ornamented groups many species exhibit the bright metallic or iridescent 
colors traditionally associated with such behavior. Known vertebrate hosts 
are confined to mammals and birds. The genus Malaya are obligatory feeders 
on the regurgitations of ants. Their behavior has been studied and filmed by 
Macdonald (see Macdonald and Traub 1960: 91). His observations throw an 
interesting light on the complexities underlying the origins and evolution of 
this fascinating group. Malaya jacobsoni (Edwards), breeding like other mem- 
bers of the genus in leaf axils, feeds as adult on Cremastogaster ants as these 
in turn feed on the sugary exudations from the tips of young bamboos. Two 
seemingly unrelated major sabethine larval habitats are thus seen in this 
instance to be in fact intimately related. 

SABETHINE GENERA. The following are currently recognized: New 
World. Johnbelkinia Zavortink, Limatus Theobald, Phoniomyia Theobald, 
Runchomyia Theobald, Sabethes Robineau-Desvoidy, Shannoniana Lane and 
Cerqueira, Trvichoprosopon Theobald, Wyeomyia Theobald. Old World. 
Malaya Leicester, Maorigoeldia Edwards, Topomyia Leicester, Tripteroides 
Giles. Three of these (Johnbelkinia, Runchomyia, Shannoniana) were separ- 
ated from Tvrichoprosopon only very recently (Zavortink 1979: 10). I have had 
no opportunity to study them in their present form. They are keyed collec- 
tively with Trichoprosopon in Mattingly (1971: 4). No keys for separating Old 
from New World genera are currently available. Detailed work on the larger 
genera would be beyond the scope of the present study and I have therefore 
confined myself to the keys to Old World genera which follow. The separation 
of Trichoprosopon from Tripteroides is particularly difficult. Zavortink's 
studies of the former have still to be completed. They will certainly contribute 
materially to the solution of this problem especially if they can be combined 
with studies on the remaining sections of Tripteroides, particularly the 
nominotypical subgenus. 


3(2). 


2(1). 


3(1). 
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KEYS TO OLD WORLD GENERA OF SABETHINI 
ADULTS 


Proboscis folded beneath the body when at rest, otherwise with 
conspicuous upward flexure, the apex strongly swollen, hairy 
with 2 pairs of long, curled bristles, remainder also very 
BOP Os Oe ae Se re a eee eee ee ee Malaya 
Proboscis at most slightly swollen apically (except in Topomyia 
spathulirostris Edwards) otherwise unmodified, not conspicuously 


Upper calypter without fringe; scutum with median longitudinal 

stripe of very broad, usually white or silvery, scales. . Topomyia 
Upper calypter with at least 2 or 3 hairlike scales; scutum devoid 

of such ornamentation 6 8) GAP WS, ee A eee PES 3 


Numerous acrostichal bristles present; posterior pronotum with at 
least 3 bristles; known only from New Zealand. ... Maorigoeldia 
Acrostichal bristles almost always absent, where present confined 
to apex of scutum; posterior pronotum with at most 2 bristles, 
usually 1 or none; not known from New Zealand. .. . Tripteroides 


PUPAE 
Trumpets subcylindrical with inner and outer walls widely 
seon Pate is RN Bae a ee ee es oe ee a 2 
Trumpets more or less conical or with inner and outer walls closely 
Anposet Or BOR iar ee ea eee Maorigoeldia, Tripteroides 


Seta 6-VII relatively well developed, arising well cephalad of seta 


DOM TE i. ES OE a OTe Le ea Ee Ae ee es Malaya 
Seta 6-VII usually less well developed and arising close to and 
latérawd’ Of BEte Gey A Re ee me Siw ae Topomyia 
LARVAE 


Setae 5-P and 6-P large fan-shaped tufts arising from a common 
tubercle, 6-M and 7-T never modified to form stout spines... 2 
Setae 5-P and 6-P otherwise, 6-M and/or 7-T often so modified. . 3 


Either with abdominal segments IV-VI, at least, with 1 or more pairs 
of stellate setae or maxillae with conspicuous "horns" or siphon at 


least 6:0 length of saddle. s 6 eee ee ea es Topomyia 
Stellate setae never present on abdomen; maxillae never with horns; 

siphon at most about 4.0 length of saddle. ........ Malaya 
Comb of numerous scales ina triangular patch..... Maorigoeldia 


Comb teeth ina single, sometimes irregular, row, sometimes 
arising from a sclerotized plate, occasionally absent or reduced 
CR BATE COI se a A a a! ce a Tripteroides 


10 Contrib. Amer. Ent. Inst., vol. 17, 10. 9, 1981 
GENUS TRIPTEROIDES GILES 


Tripteroides Giles, 1904: 369. Type-species Runchomytia philippinensis 
Giles, Camp Stotsenberg, Pampanga, Luzon. (Brunetti 1914: 58). 

Rachionctomyia Theobald, 1905: 248. Type-species Rachionotomyia ceylonen- 
sis Theobald, 1905, Peradeniya, Ceylon. 

Colonemyia Leicester, 1908: 233. Type-species Colonemyia caeruleocephala 
Leicester, 1908: 233, Bukit Kutu and Ulu Klang, Selangor, Malaya. 
Selection of Brunetti, 1914: 58. 

Skeivomyia Leicester, 1908: 248. Type-species Skeiromyia fusca Leicester, 
1908: 248, Kuala Lumpur area, Selangor, Malaya. 

Squamomyia Theobald, 19100: 28. Type-species Squamomyia inornata 
Theobald, 1910b: 28, Dawna Hills, Burma. 


FEMALE. Head. Proboscis sometimes short and stout, more often very 
long and slender equaling or exceeding the abdomen, never conspicuously 
clubbed at apex. Palps at most one-third the length of the proboscis. Antenna 
with flagellar segments subequal, verticillary hairs sometimes longer than 
usual. Eyes contiguous. Back of head with all scales broad and flat except 
for a few narrow upright scales on nape. Orbital bristles at most 6 in number 
(at most 4 except in Polylepidomyia and Rachisoura). Cibarial armature, 
Absent in all species examined. Thorax. Anterior pronotal lobes widely 
separated. Scutal scales varying from very narrow, hairlike to very broad 
and from pale golden to almost black. Scutellar scales all broad and flat, 
usually all dark, pale in some species. Acrostichal bristles nearly always 
absent, when present confined to apex of scutum. Dorsocentral and prescutel- 
lar bristles present or absent. Postnotum with or without a tuft of setulae. 
Pleura usually densely scaled (less so in some Tvipteroides s. str., bare of 
almost so in purpuratus (Edwards). Posterior pronotum with at most 2 
bristles, usually 1 or none. Spiracular bristles always present, postspiracu- 
lars and lower mesepimerals absent, prealars present but sometimes very 
small. Meron with upper edge in line with or slightly above base of hindcoxa. 
Wing. Alula with narrow fringe scales only. Upper calypter with hairlike 
scales. Abdomen. Apical bristles on tergites greatly reduced except on seg- 
ment VIII where they are numerous and conspicuous. Terminalia. Cerci short 
and broad. Apex of postgenital plate varying from convex to deeply indented. 
Insula with strongly developed peripheral setae, with or without smaller setu- 
lae in the posterolateral corners, (otherwise in Rachisoura, see Mattingly 
1980: 164). Spermatheca normally single or trilobed, rarely bilobed (p. 25). 
Legs. Femora pale below from base almost or quite to tip, with or without 
pale markings on anterior surface. Tibiae dark, these and, in part, the tarsi 
often pale below in the unornamented subgenera. Tarsi never with pale rings. 
All claws simple, paired (hindclaws apparently unpaired in vanleeuweni and 
possibly argenteiventris (Theobald). Pulvilli absent. Wing. Entirely dark 
scaled. Outstanding scales on upper surface varying from narrow, hairlike, 
to very broad, tending to be broadest toward wing tip. Upper fork cell usually 
longer than its stem, often much longer (barely equal in length to it in some 
Tricholeptomyia). Anal vein reaching wing margin well before base of fork 
of Cu. Alula with narrow scales confined to margin. Upper calypter with 
hairlike scales. 

MALE. Head. Proboscis and palps much as in the female. Antenna in 
some cases strongly plumose, in others much less so, hardly differing between 
the sexes. Legs. Fore- and midclaws toothed or simple, unequal or subequal, 
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Hindclaws minute, paired except in Tricholeptomyia. Tarsi variously modi- 
fied ina few Tripteroides s. str. (knighti Baisas and Ubaldo-Pagayan, mabinit, 
tarsalis Delfinado and Hodges). Terminalia. Dististyle usually slender, often 
slightly expanded apically, greatly expanded in a few Tripteroides s. str. and 
with a patch of large scales or flexible bristles in Tp. (Trp.) monetifer (Dyar) 
and vozeboomi. Basistyle with conical basal lobe provided with 1 or more 
conspicuously enlarged setae. IXth tergite with lobes usually well separated, 
occasionally fused. Paraprocts with 1 or a few small teeth at apex (untoothed 
in Tp. (Trp.) alboscutellatus Lee). Phallosome with a small tergal arm and 
with the main body more or less elongated posteriorly to form an apical pro- 
cess, with or without a sternal process which, when present, may be ridged 
or spiculate. 

PUPA. Trumpets short, except in sp. aff. caeruleocephalus which has 
them greatly elongated (see p. 18), usually conical, less often more or less 
cylindrical. Seta 1-C very long, stout, except in Tricholeptomyia, usually 
single or bifid, rarely with 4 or more branches. Seta 1-I a well developed tuft 
except in Tvicholeptomyia. Paddles without apical seta, the edges sometimes 
spiculate but never with hairlike fringe. 

LARVA. Head unusually narrow in some nepenthicolous species, especial- 
ly of Tricholeptomyia. Maxillary suture well developed except in Rachisoura, 
in which it is reduced and Tricholeptomyia in which it is absent or virtually so. 
Mouthbrushes with pectinate inner setae. Maxillae with hypertrophied spines 
("horns") in mabinii and in all Rachisoura. Setae 6-M, often, and 7-T, 
usually, short, stout, spinose. Various other thoracic and abdominal setae 
usually stellate. Comb teeth in a single row, sometimes arising from a sclero- 
tized plate. Acus absent. Siphon at most about 6.0 length of saddle, usually 
much shorter, except in sp. aff. caeruleocephalus (p. 19). Setae la-S ina 
single or double row (reduced to 1-2 or in some cases absent in microcala 
and nepenthicola), 2a-S ina single or double row, 1 or more lateral setae 
sometimes present between la-S and 2a-S. (A small lateral seta of distinctive 
appearance always present in Tricholeptomyia). Pecten present except in Tyr. 
(Trp.) collessi Lee which has the entire siphon covered with pecten-like 
spinules (see Lee 1946: 272). InTy. (Trp.). marksae (Dobrotworsky 1965: 59) 
the siphon is similar but the pecten teeth are apparently distinguishable. 

Setae 4-X reduced to single pair. 

EGG. Known only for the following: Tripteroides s. str.; bambusa 
(Mattingly 1974: 231), Tricholeptomyia; microcala and(?)sp. indet. (Baisas 
and Ubaldo-Pagayon 1953: Pl. 9, 10, Mattingly 1969b: 75), Polylepidomyia; 
atripes (Skuse), tasmaniensis (Strickland) (Dobrotworsky 1965: 19, Mattingly 
1969b: 76), caledonicus, melanesiensis (Belkin) (Iyengar 1969: 214, Mattingly 
1974: 232), Rachisoura; bisquamatus Lee (Assem 1959: 51). The eggs of bis- 
quamatus are described as ''spherical . . . with one pole distinctly more 
pointed than the other''. Those of atripes and tasmaniensis as figured by 
Dobrotworsky have one surface flattened and the other strongly arched. In 
the remaining species the eggs are ovoid and relatively narrow, broadest in 
melanesiensis. Those described by Baisas and Ubaldo-Pagayon are unusual 
in apparently being covered with slender scales rather than papillae, perhaps 
resembling Trichoprosopon compressum Lutz in that respect though that spe- 
cies is known to me only from a description. The eggs of bambusa, caledoni- 
cus and melanesiensis are ornamented with flattened papillae. The ornamen- 
tation is undescribed for the other species. Dehiscence is apical in bambusa, 
microcala, caledonicus and melanesiensis, It is undescribed for atripes and 
tasmaniensis but might be interesting since these eggs have some resemblance 
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in shape to those of Maorigoeldia argyropus (Walker) in which dehiscence is 
longitudinal (see Mattingly 1969b, Fig. 1). 

KARYOTYPE. Known only for ?ceylonensis (Aslamkhan 1971: 237) (see 
Di 28). 

DISTRIBUTION. Oriental Region from India and Sri Lanka to Japan, 
Ryukyus, Taiwan and Philippines; Australasian Region east to Fiji and south to 
Tasmania. 

BIONOMICS. Among the Oriental species only avanoides is on record as 
attacking man and this apparently only rarely (see p. 26). In contrast several 
species of all 3 Australasian subgenera are recorded as biting man at least 
occasionally (Belkin 1962: 507, Dobrotworsky 1965: 56, Lee 1946: 220, 232, 
Peters and Christian 1963: 40, 55). 

The dominant larval habitats in Rachionotomyia are bamboos and pitcher 
plants with only affinis and occasionally avanoides utilizing tree holes. 
Tricholeptomyia are almost exclusively nepenthicolous. The Philippines 
Tripteroides s. str. mainly favor bamboos and pitcher plants with one species 
found in snail shells (Baisas and Ubaldo-Pagayon 1953: 19), but tree holes are 
used quite frequently by Malayan and Thailand species (Macdonald and Traub 
1960: 88; Thurman 1959: 32). The recorded range of habitats of Australasian 
species is somewhat wider. Nepenthicolous species are found in all 3 sub- 
gsenera but are few in number. Axils of broad leaved plants are used by sever- 
al species and records from coconuts and artificial containers are numerous 
(Belkin 1950: 216, 1962; Lee 1946; Peters and Christian 1963: 62). Oviposition 
behavior has been described by Miyagi (1973: 199) from observations of a cage 
colony of bambusa. The eggs are said to be dropped or (p. 200) "projected"’ 
while on the wing or resting on the side of the oviposition vessel and a com- 
parison is made with Sabethes chloropterus. It is not clear, however, that 
they are forcibly projected as in that species rather than merely dropped or 
lobbed as in Toxorhynchites. Certainly the type of behavior observed in Sa, 
chloropterus might be of value in species breeding in bored bamboos or in 
others, such as Tp. (Trp.) bimaculipes (Theobald) in New Guinea, utilizing 
tree holes with very small apertures but the eggs do not show any sign of the 
marked specialization observed in Sa. chloropterus (see Mattingly 1969b: 75). 
Miyagi observed bambusa eggs to be "'capable of withstanding some degree of 
drying"' and the same author (1976: 177) found some females of this species to 
be autogenous. There is some evidence for resistance to desiccation also in 
aranoides (seep. 26). 


KEYS TO SUBGENERA OF TRIPTEROIDES 
FEMALES 


1; Scales on all or much of occiput with brilliant blue or silvery reflection; 
pleural scales with metallic silvery reflection; pale scales on ab- 
dominal tergites similar (except in some distigma (Edwards)); 
anterior surface of at least 1 femur, usually all 3, with discrete 
silvery markings; spermatheca in most cases single. 

Tripteroides s. str. (p. 79) 
Scales around eye margins white or whitish with subdued blue reflection 
at most; remainder of occiput wholly or largely dark, pale scales 
when present white or whitish; pleural scales at most snow white, 
never silvery (except in affinis and dofleini); pale scales on 


2(1). 


3(2). 


4(3). 


3(2). 
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abdominal tergites white or whitish, never silvery; anterior surface 
of all femora with continuous white line at most, in most cases 
entirely dark, never with discrete silvery markings; spermatheca 
trilobed in Alt known Cases. ee IS 


Palps 0.17-0.30 length of proboscis; orbital setae 3-6; outstanding 
scales on upper wing field all broad (Filipes Group) or broad only 
towards wing tip (Vanleeuweni Group); insula with 10-35 setae on 
either side of midline forming 2 longitudinal bands; Australasia 
and Melanesia Only. 2s 7G li oe IO ee Shes Rachisoura 

Palps at most 0.17 length of proboscis, usually shorter (except in 
edwardsi (Barraud)); orbital setae 1-6; broad outstanding scales 
on upper wing field, when present, confined to wing tip; insula as 
in Fig. 6-9, with a single row of peripheral setae (double in 
edwardsi) with or without 1 or more setulae in the posterior 
corners; Palaearctic, Oriental and Australasian regions. .... 3 


Orbital setae 1-2; prescutellar bristles present in all cases, post- 
notals present except in barvaudi Baisas and Ubaldo-Pagayon; hind- 
claws unpaired; Philippines only. .... Tricholeptomyia (p. 54) 

Orbital setae 2-6; prescutellar bristles present or absent, postnotals 
absent except in edwardsi; hindclaws paired except in 1 or 2 
Polylepidomyia,; not known from Philippines except for 
POLOVOOULE MOR ENE ee 6 as Sh WL eR we es 4 


Orbital setae 3-6; dorsocentral bristles present or absent, pre- 
scutellars always present; Australasian only. . . Polylepidomyia 

Orbital setae 2-4; dorsocentral bristles absent, prescutellars present 
or absent; Oriental and Palaearctic only. . Rachionotomyia (p. 15) 


MALES 


Palps less than 0.2 length of proboscis; hindclaws single; lateral plate 
of phallosome without sternal lobe. ... Tvricholeptomyia (p. 54) 

Palps various; hindclaws always paired; lateral plate of phallosome 
WITH BUSTNAl LONG. 1 pee OE eae Ee 8 ee 


Palps less than 0.2 length of proboscis; anterior surface of at least 1 
femur, usually all 3, with discrete silvery markings; terminalia 


in most cases small and retracted. . Tvipteroides s. str. (p. 79) 
Palps and terminalia various; anterior surface of femora never with 
tae POC GV Ory CAB TIO 6 Oe a a Ws aa 3 


Palps 0.2-1.0 length of proboscis; terminalia large, conspicuous, 
usually fully exposed; dististyle slender, tapering; bristles on 
IXth tergite slender, sometimes flattened, never spinose; 
Australasian onlyi' 340% Le Ge Se aE HS UNA Mig a + 
Palps less than 0.2 length of proboscis; terminalia small, inconspicu- 
ous, normally retracted; dististyle stouter, tapering at most only 
slightly (except in dofleini); setae on IXth tergite spinose (except 
in rozeboomi); Oriental only. ....... Rachionotomyia (p. 15) 
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4(3). 


2(1). 


3(1). 


Contrib. Amer. Ent. Inst., vol. 17, no. 5, 1981 


Palps 0.7-0.9 length of proboscis; all outstanding scales on upper 
Wing JiGid MAYrOW.30). oe ear) oer mea. Polylepidomyia 

Either with palps at most about 0.3 length of proboscis or with 
outstanding scales on upper wing field broad at least on Rg and Rg 
OF DOU soe eo ae a ea Rachisoura 


PUPAE 


Seta 1-C short or very short, 1-I very feebly developed (except in 
delpilari Baisas and Ubaldo-Pagayon). . . Tvricholeptomyia (p. 54) 
Seta 1-C very long, stout, conspicuous, 1-I a strongly developed 


Seta 1-C normally single, occasionally split distally, (except in 
brevirhynchus Brug); dorsal sensillum, when present, restricted 
toseginents Th and lV yi. oe ee See es Rachisoura 

Seta 1-C with 2-4 branches, usually bifid (single in nepenthis 
(Edwards), nepenthisimilis n. sp., sullivanae and sp. aff. 
caeruleocephalus); dorsal sensillum present on segments III-V or 
Weve ON Polylepidomyia , Rachionotomyia (p. 15) 

Tripteroides s. str. (p. 79) 


FOURTH STAGE LARVAE 


Maxilla with conspicuous "horn" or "horns"; maxillary suture 
conspicuous but incomplete, not reaching posterior tentorial pit; 
seta )4-I-Vi minute: or absent. 4... Se oe ee ee 

Maxilla without enlarged "horn"; maxillary suture either inapparent 
or, if present, complete, reaching posterior tentorial pit; seta 
Ta-1-Vi presenter absentss, 66.02 oS a a eS 3 


Seta 15-C well developed, arising far back near collar, 6-M and 7-T 
conspicuous thickened spines; siphon with one or more lateral setae 
in addition to 2a-S (? always). 

Tripteroides s. str. (Mabinii Group) (p. 80) 

Seta 15-C arising well forward near mentum, often minute; thorax 
without modified pleural spines; siphon without lateral setae. 

Rachisoura 


Maxillary suture inapparent; seta 15-C arising well forward near 
mentum; seta 14 absent from all abdominal segments; siphon with 
minute branched lateral seta always present. 

Tricholeptomyia (p. 54) 

Maxillary suture strongly developed, reaching posterior tentorial pit; 
seta 15-C arising far back near collar (except in coheni Belkin); 
seta 14-I-VI usually well developed (minute or absent in a few 
Polylepidomyia and Rachionotomyia); lateral seta or setae on 
Siphon, when present, resembling 2a-S. 

Polylepidomyia, Rachionotomyia (p. 15) 
Tripteroides s. str. (Nitidoventer Group) (p. 80) 
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SUBGENUS RACHIONOTOMYIA THEOBALD 


Rachionotomyia Theobald 1905: 248. Type-species Rachionotomyia ceylonensis 
Theobald. 

Skeiromyia Leicester 1908: 248. Type-species Skeiromyia fusca Leicester. 

Squamomyia Theobald 1910b: 28. Type-species Squamomyia inornata 
Theobald. 


FEMALE. Palps at most about one-sixth of the length of the proboscis 
(one-third in edwardsi). Occiput with broad, flat, dark scales with at most a 
subdued bronzy reflection, a white or whitish border to eyes, broadening ven- 
trally, in some cases with subdued dull blue reflection (all or much of the 
occiput with brilliant blue reflection in Affinis Subgroup). Orbital setae 2-4, 
usually 3 except in Nepenthis Subgroup which often have 4. Scutal scales broad 
except in midline. Dorsocentral bristles absent, prescutellars present or 
absent, postnotals absent except in edwardsi. Pleural pale scales and lateral 
pale scales on abdominal tergites white or whitish, sometimes refringent but 
never with metallic silvery reflection except in Affinis Subgroup. Subspiracu- 
lar scales always present. Femora pale below, anterior surface dark or at 
most narrowly pale below at base, never with discrete pale markings; tibiae 
and some tarsal segments in many cases paler below. All claws paired. Wing 
with outstanding scales on upper surface narrower over most of the field, 
broader toward tip especially on Rg and Rg. 

FEMALE TERMINALIA. Apex of postgenital plate with shallow emargina- 
tion if any, deepest in edwardsi (Fig. 8). Insula with at most 8 peripheral 
setae on either side (more in edwardsi in which they form a double row) and 
2-7 in each posterior corner. Spermatheca trilobed in all cases. 

MALE. Palps as infemale. Hindclaws always paired. 

MALE TERMINALIA. Small, inconspicuous, seldom fully exposed. 
Dististyle relatively stout, tapering only slightly if at all towards tip (more 
slender in dofleini, Fig. 26, highly modified in vozeboomi, Fig. 28). Lateral 
plate of phallosome with spiculate sternal lobe, apical prolongation short but 
well formed except in rvozeboomi which has it much reduced. Setae on [Xth 
tergite stout and relatively short except in rozeboomi. ! 

PUPA. Seta 1-C very long, stout, conspicuous, single or bifid, 1-Ia 
strongly developed tuft, 1-III-VI always slender, delicate (sometimes 
multibranched and correspondingly conspicuous), 3-II-III strongly developed, 
much longer than 5-III (except in dofleini), 6-III-V always short and delicate, 
o-IV always long, stout and conspicuous, very much longer and stouter than 
1-IV, 3-VII much shorter than segment VIII (except in Affinis Subgroup), 
9-VII-VIII always long and multibranched; dorsal sensillum present on seg- 
ments III-V or IV-V; paddles various but always with apex at most bluntly 
pointed, never leaf-shaped. 

LARVA. Maxilla without enlarged apical spines; maxillary suture con- 
spicuous, complete, reaching the tentorial pit on or near the collar. Setae 
6-M and 7-T short, stout, dark spines in all cases. Seta 14-I-VI strongly 
developed in most cases (minute or absent in dofleini and the Nepenthis Sub- 
group). Setae 8-M and 8-T strongly developed (except in dofleini). Lateral 
setae on siphon, when present, closely resembling setae 2a-S. 

DISTRIBUTION. Sri Lanka, mainland of southern Asia from India to China, 
East Malaysia, Indonesia as far east as Flores, Taiwan. 

BIONOMICS. Breeding places include all types of container habitat includ- 
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ing plant pitchers. Infrequent in domestic containers. Rarely, if ever, bite 


man. 


2(1). 


4(3). 


5(3). 


6(5). 


7(6). 


KEYS TO GROUPS AND SPECIES OF RACHIONOTOMYIA 
ADULTS 


Occipital scales with brilliant blue reflection at least anteriorly; 
pleural scales with bright metallic silvery reflection (Affinis 
Suber.) ae Ro ee ee ee al y 

Scales around eye margins white or whitish with subdued blue 
reflection at most, other occipital scales with at most a dull 
bronzy reflection; pleural scales white or whitish. ........ 3 


Abdomen dark above with more or less uniform pale lateral border 
Cee era Sa a CO el ash, Ta ee tag, 6 affinis (p. 43) 

Abdomen with pale lateral border emarginated at bases of tergites 
III-VII giving the appearance of discrete lateral patches encroaching 
dorsally towards apex (Piey 4h is WoL as eee. dofleini (p. 46) 


. Back of head with pale ventrolateral scales extending well onto upper 


surface at sides; scutum with (? continuous) border of white scales, 
remaining scales with subdued but distinct iridescence (golden in 
part in vozeboomi); scutellum with lateral lobes white scaled; 
pleural scales exceptionally large and abundant (Edwardsi 
Rt Es Se a RE sR sy a PA 4 
Back of head with pale scales confined to eye margins and lower 
surface; scutum without pale border; scutal scales with subdued 
bronzy lustre only; all lobes of scutellum dark scaled; pleura heavily 
scaled but less so than in the above (Aranoides Group). ..... 5) 


Palps about one-third of the length of the proboscis; postnotum with a 

tuft of stout bristles; upper calypter with about 20 hairlike scales. 
edwardsi (p. 49) 

Palps about one-eighth of the length of the proboscis; postnotum bare; 
upper calypter with 4-6 hairlike scales. ..... rozeboomi (p. 50) 


Clypeus usually with pale scales; posterior pronotal scales white or 
whitish (except in coonorensis) (Aranoides Subgroup). ...... 6 
Clypeus bare; posterior pronotal scales mid- to dark brown (Nepenthis 
Buber es: ips EO a at eg nepenthis (p. 38) 
nepenthisimilis (p. 41) 


Scutum with numerous narrow white scales on anterior border and 
with dark scales relatively narrow (Fig. 3); scales on posterior 
pronotunn i ihrown eats; Ge Pe re sie coonorensis (p. 30) 
Pale scales on anterior border of scutum less numerous, dark scutal 
scales broad except in midline (Fig. 3); scales on posterior 
HPOMORNM WITS Or SH ITiei a aie ame ts i a SR ele 7 


Abdominal tergites with conspicuous pale lateral patches (Fig. 5). 
serratus (p. 32) 
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Abdomen with more or less uniform pale lateral border (Fig. 1). 
aranoides (p. 20) 
ceylonensis (p. 26) 
tenax (p. 33) 


PUPAE 


Excellent subgeneric characters are available for pupae of Tvicholepiomytia 
and these are keyed separately on p. 55. In contrast those of Tripteroides 
s. str. and Rachionotomyia do not appear to be separable at this level, while 
even at the species level a few pupae bridge the 2 subgenera. I have accord- 
ingly combined the 2 subgenera in the following key, Rachionotomyia spp. 
being shown in heavier type. The pupae of edwardsi, rozeboomi and serratus 
(Barraud) are unknown. 


1, Trumpets extremely broad; paddles leaf-shaped with asymmetrical tip 
(Fig. 49) (Mabinii Group, Subgenus Tvipteroides). . mabinii (p. 81) 
Trumpets narrower or paddles otherwise, generally both (Nitidoventer 


Group, Subgenus Tripteroides; Subgenus Rachionotomyia)..... 
2(1),,, Paddies .with apex apiculate, 4 4454) tides «eae eee ws a es 3 
Apex of paddio. without: epicuies, (eo kiy eee 64558 ee wd ok ee ed a 
3(2). Most of the abdominal setae barbed, spinose......... sullivanae 
Abdominal eetad: cuite Otherwise... sce eh PR be aE Sims 4 


4(3). Seta 3-VII well developed, from a little shorter than to longer than 


seemett Ville aiid «eerie 4 ew nd BR BORA ee monetifer 
' tarsalis 

This seta feebly developed, much shorter than segment VIII 
CS GCA. ERO a i hE iat altel ce tag 5 
0(4). Known only from Philippines and Celebes. ......... nitidoventer 
Not:known from Philippines or Celebess wisi. 660) hs OOS, Wie 0% 6 


6(5). Paddles very short, flattened or bluntly rounded at tip (Fig. 28). 
ceylonensis (p. 26) 
Paddles longer, more or less pointed at tip (Fig. 28). 
avanoides (p. 20) 


tenax (p. 33) 
7(2). Setae 3-III and 5-III more or less equally developed or 5-III more 
Styoug 7) S60. .elhiona BH citaaee Bie CHO) tie Cai ha ae a te ee hi aA 8 
Seta 5-III normally much smaller and more delicate than 3-III. ... 10 
8(7). Setae 3-III and 5-III both very large and conspicuous. ........ 9 
These setae feebly developed; known only from Philippines. 
dyari 
intermediatus 
malvari 


9(8). Setae 5-IJ much smaller and more delicate than 3-II (Fig. 26); known 
Oi Ce Re) Liga si ieee die ical MEOW dofleini (p. 46) 
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10(7). 


11(10). 


12(11). 


13(12). 


14(13). 
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Seta 5-II stout and dark, not or only slightly shorter than 3-II; not 
mhown from Sr bankai <ok ee Riga ee es VICINUS 


Trumpets extremely long and narrow, about 25-40 as long as broad. 
sp. aff. caeruleocephalus 


Trumpets quite GInerWise@s 7) 2404. 6. kee ey ee ee es id 


Paddles not or only very slightly less than twice as long as their 
greatest breadth (Fig. 16); known only from southern India. 
coonorensis (p. 30) 


Paddles shorter and broader; distribution otherwise. ...... 12 
Trumpets slender, tapering (Fig. 20)....... nepenthis (p. 38) 
Trumpets shorter, broader or more cylindrical......... 13 


Paddles not or only slightly longer than broad, about 1.0-1.1 as long 


as their createst Dreadth. (ii 6. sei eel ees aeneus 
powelli (part) 
toffaletii 

Paddles distinctly longer than broad, at least 1.2 as long as their 
greatest breadth, usually longer. .... 2... ese ee oes 14 


Seta 3-VII as long as or longer than segment VIII. 
affinis (Fig. 24) (part), (p. 43) 
cheni, denticulatus, indicus, malayi 
mendacis, powelli, proximus 
This seta shorter than segment VIII...... affinis (part), (p. 43) 
nepenthisimilis (p. 41), hybridus, plumosus, similis (Fig. 22) 


LARVAE 


Larvae of Rachionotomyia and Tripteroides s. str. are not at present 
separable at subgeneric level. I have therefore combined the known South- 
east Asian species of both subgenera in the following key. Rachionotomyia 
spp. are shown in heavier type. The larvae of edwardsi, rozeboomi and 
serratus are unknown. 


4(3). 


Maxilla with a conspicuous horn (Fig. 50) (Mabinii Group, Subgenus 


DOPE A725). Kciueie rede twink tae Nee ae mabinti (p. 81) 
Maxilla without such a horn (Nitidoventer Group, Subgenus 

Tripteroides; Subgenus Rachionotomyia). . 1. 6.2 see eee 2 
Seta 4-X very large, at least 2.5 length of saddle. ........ 3 
This seta at most 1.5 length of saddle, usually less. ....... 6 


Seta 1-M small and inconspicuous, 6-M a small, only slightly 
thickened seta with 2 or more branches; known only from 
POLO TICS & ain oie ie ee en a intermediatus, malvari 


Seta 1-M large and conspicuous, 6-M a stout spine with well 


developed tubercle; not known from Philippines. ....... 4 


Seta 14-I-VI strongly developed; comb without a comb plate 
CEle Bfe ids ha sa walk heh a eating ha hao Species no. 2 (p. 53) 


(4). 


6(2). 


7(6). 


8(7). 


9(8). 


10(9). 


11(10). 


12(7). 


13(12). 


14(13). 


15(14). 
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Seta 14-I-VI minute or absent; comb teeth with enlarged bases fused 
or almost fused to form a continuous plate. .......... 5) 


Saddle edge with minute spicules only (Fig. 27); known only from 


Orr Lanka. Go ee eS ek ee es eee .... dofleini (p. 46) 
Saddle edge with at least 3-4 spines in addition to smaller spinules; 
not known from further west than Malaysia. ....... vicinus 


Setae 4-6, 12, 13-C flattened, bladelike; known only from Philippines. 
sullivanae 
These setae of normal types ee He Se ee ee f 


Comb composed in whole or in part of coarse spines arising from a 
continuous sclerotized’comb plate. Gh.) or a Bie Bk is 8 
Comb plate absent or Iragnientary:.i6s0 4 2s Si ae a a 12 


Siphon about 6.5-7.0 length of saddle; seta 14-C with more than 20 


DPANCHEG. 6 We aes ee eee sp. aff. caeruleocephalus 
Siphon less than 6.0 length of saddle, almost always much less, or 
seta 14-C with less than 10 branches, usually both....... 9 
Known only from Philippines. ........ monetifer, nitidoventer 
Not known from Philipp meee Gi) EO I Ve Shiveies 10 
Seta 8-VII small, usually very small, and delicate (Fig. 19). 
tenax (p. 33) 
This seta well developed. cou Vay a ae ee ve ee es 11 


Larger comb teeth simple or with fringe restricted to base; saddle 
fringe with at least the larger elements unfringed (Fig. 13, 15). 
aranoides (p. 20), ceylonensis (p. 26) 
Larger comb teeth fringed to half way or beyond; larger elements in 
saddle fringe extensively fringed. .......+..... plumosus 


Known only from Philippines. 
dyari, similis, simulatus, toffaletti 
Not known from Pilrlipeinee. Free Week Se BORE COR Ss 13 


Known only from China, Japan or Taiwan. .... cheni, bambusa 
Not known from these areas (except ?powelli from Hainan). ... 14 


Setae 1-S, la-S and 2a-S all or almost all single; comb teeth 
exceptionally long, the longest at least two-thirds of the length of 
the saddle (Fie: 20 voi eS ee Sis Species no. 1 (p. 51) 

These setae all or almost all with 2 or more branches; comb teeth 
rarely about two-thirds of the length of the saddle, normally much 
BNOTTOCE LS ee Ces ee CR Ge ae wae, aE Ea a 15 


Seta 7-T without basal arm, 14-I-VI minute or absent; siphon without 
Lateral series. ek ea ee Ws OO. fe eS a 16 
Without this combination of characters. . . affinis (Fig. 25), (p. 43) 
coonorensis (Fig. 17), (p. 30) 
aeneus, denticulatus, hybridus, indicus, malayi, mendacis, 
powelli, proximus, tarsalis 
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16(15). Seta 4-T strongly developed with 12-29 branches, 1-I with 16-32, 


4-VILP With 19462 (Pies Qhyok eho) one tees nepenthis (p. 38) 
Seta 4-T feebly developed with 3-7 branches, 1-I and 1-VIII each with 
10 branches or less (Fig. 23)....... nepenthisimilis (p. 41) 


ARANOIDES GROUP 


For differences from the Edwardsi Group see under that group. The latter 
is very distinct and most probably deserves recognition at the subgeneric level. 
Its members are, however, currently too imperfectly known for this to be con- 
sidered advisable. For further discussion of this point see p. 49. Among the 
3 subgroups recognized here the Affinis Subgroup differs strikingly in adult 
ornamentation. It is cited at the subgroup, rather than species group, level to 
emphasize the very marked differences from the Edwardsi Group which it 
shares with the other 2 subgroups. 


ARANOIDES SUBGROUP 


With the exception of coonorensis the members of this subgroup are clearly 
very closely related and may be regarded as constituting a single superspecies, 
the avanoides complex. Their precise status vis-a-vis one another can only be 
settled by further work in the field and the laboratory. In the meantime I have 
preferred to cite each taxon as a full species. On present evidence I would 
regard tenax as probably a full species and ceylonensis a geographical subspe- 
cies. Too little is known regarding serratus to admit of speculation as to its 
exact status. The position of coonorensis is somewhat doubtful. It differs 
from avanoides, and resembles the Nepenthis Subgroup, in the somewhat 
darker scales on the posterior pronotum, absence of spicules from the pupal 
paddle and absence of a comb plate in the larva, but resembles avanoides, and 
differs from nepenthis, in the presence of scales on the clypeus, pale scales on 
occiput, with subdued but distinct blue reflection, bifid seta 1-C of the pupa, 
presence of well developed basal arm on seta 7-T of the larva and restriction, 
so far as is known, of the breeding places to bamboo stumps. At the same 
time the larva is indistinguishable except on partial characters from that of 
affinis. It is thus annectant between all 3 subgroups. 


1. TRIPTEROIDES (RACHIONOTOMYIA) ARANOIDES (THEOBALD) 
(Pivecdy BP Spo8jo8) 12p613, 28) 


Wyeomyia aranoides Theobald 1901: 274. 

Skeiromyia fusca Leicester 1908: 248. | 

Squamomyia inornata Theobald 1910b: 28. | 

Rachionotomyia aranoides of Edwards 1913: 241. 

Tripteroides (Tripteroides) avanoides of Edwards 1932: 78. 
Tripteroides (Rachionotomyia) avanoides of Stone 1963: 121. 
Tripteroides (Tripteroides) szechwanensis Hsu 1964: 278. 

Tripteroides (Rachisoura) szechwanensis of Knight and Stone 1977: 320. 


FEMALE (Figs. 1, 3,6). Wing 2.6-3.2 mm. Head. Proboscis long and 
slender, 1.2-1.4 length of forefemur, 1.1-1.3 length of abdomen. Palps 
about 0.14-0.17 of proboscis. Palps and proboscis entirely dark. Clypeus 
with numerous broad white scales on anterior half or more. Tori with small 
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pale scales on inner surface. Antennae about 0.5-0.6 the length of the probos- 
cis. Occiput with broad, flat, dark brown scales with bronzy reflection, a 
narrow border of flat white scales, with faint blue reflection, round eye mar- 
gins, somewhat expanded ventrolaterally. A few dark upright scales, with 
expanded tips on nape, 2-3 orbital bristles well out on either side. Thorax. 
(Figs. 1,3). Scutum with broad or moderately broad brown scales with bronzy 
luster tending to be narrower in the midline and broader in the prescutellar 
area. Very broad, flat whitish to midbrown scales above paratergite. A few 
moderately broad whitish scales on the anterior promontory. No prescutellar 
bristles. Scutellar scales entirely dark. Postnotum bare. Anterior pronotal 
lobes with white scales anteriorly, darker behind. Posterior pronotum 
entirely covered with flat pale scales. A single posterior pronotal bristle 
present or none, 2-4 spiraculars. Broad white scales present on postspiracu- 
lar and subspiracular areas, all but the anteroventral portion of the sterno- 
pleuron and most of the mesepimeron. Paratergite bare, 1-2 small, dark 
prealar and 2-4 lower sternopleural bristles present. Legs. Femora pale 
beneath to tip. Tibiae and first tarsal segments also frequently pale below, 
especially the hindtibia. Tarsi otherwise dark. All claws simple. Foreclaws 
unequal, the smaller more strongly curved. Midclaws subequal. Hindclaws 
minute, unequal, one more strongly curved. Wing (Fig. 1). Outstanding 
scales on upper wing field narrow, linear, broader on Rg and R3, especially 
toward the tips. Upper calypter with 3-5 hairlike scales. Upper fork cell 
1.4-1.9 length of its stem. Halter. Head dark. Abdomen (Figs. 1,6). Dark 
above with uniform pale lateral border. Sternites entirely pale, including 
VIII. Terminalia (Fig. 6). Postgenital plate usually more or less rectangular 
with apex level or more or less indented as in the figure. .In some specimens 
the apex is convex and the general shape subconical (see under Taxonomic Dis- 
cussion). IXth tergite with 2-6 bristles on either side. Insula with 2-8 peri- 
pheral bristles on each side and 2-7 smaller ones in the posterior corners 
(see under Taxonomic Discussion). | 

MALE (Figs. 2, 3, 11, 12). Wing 2.1-3.1 mm. Antenna strongly plu- 
mose, about half the length of the proboscis. Upper fork cell 1.3-2.0 length 
of its stem. Claws as figured (Fig. 3). Abdominal markings as in the &. 
Terminalia as figured (Fig. 11, 12). Dististyle at most slightly swollen on 
distal half, apex tapered. Basal lobe of basistyle with 7-12 relatively long, 
stout setae. Paraproct with 2-4 large teeth, with or without 1-2 smaller ones. 
IXth tergite with 3-6 spines on each lobe, the inner one usually broader than 
the others but sometimes all longer and more slender as on left of Fig. 14. 

PUPA (Figs. 12, 28). Very much as described for tenax (p. 34). No con- 
stant difference in setal branching. Paddles (Fig. 28) tapering towards apex, 
1.2-2.2 as long as their maximum breadth, very seldom less than 1.4, usually 
more or much more. 

LARVA (Fig. 13). Head. Palatal hairs* as figured. Seta 1-A as figured; 
1-C relatively slender to moderately stout, not strongly curved, frequently 
directed inward, 4-C single, 5-C single, occasionally bifid, 6-C single, 7-C 
bifid to tetrafid, 11-C with 6-13 branches, 14, 15-C with 2-7. Mentum with 
8-10 teeth on either side of the central tooth. Thovax. Seta 0-P with 6-21 
branches, 1-P with 6-20, 3-P with 5-13, 4,7-P with 6-17, 8-P with 7-20, 9-P 
with 2-5, 11-P single to pentafid, 13, 14-P with 10-30 branches; 1-M with 6-23, 
6-M in some cases slightly longer than 7-T, in others slightly shorter, with 


*Anteriomedian palatal hairs of Laffoon and Knight (1973: 34). 
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tip blunt, pectinate, 8-M with 6-20 branches, 9-M with 3-10, 13-M with 6-30, 
14-M with 10-24; 1-T with 5-25, 4,5-T with 5-23, 7-T normally with basal 
arm, the tip pointed or blunt and pectinate, 8-T with 3-22 branches, 9-T with 
4-8, 13-T with 6-22. Abdomen. Seta 1-I with 4-21 branches, 2-I with 8-20, 
5-I with 5-20, 6-I with 2-4, 7-I single or bifid, 9-I with 2-11 branches, 11-I 
with 7-22, 13-I with 7-24, 14-I with 4-17; 0-II with 3-11, 1-II with 6-21, 2-I 
with 4-19, 5-II with 4-17, 6-II normally bifid, occasionally single, 7-II single 
or bifid, 9-II with 3-8 branches, 11-II with 6-21, 13-Il with 6-25, 14-II with 
4-12; O-III with 3-10, 1-III with 6-24, 2-III with 7-19, 5-III with 6-18, 6-III 
normally bifid, occasionally single, 9-III with 4-10 branches, 11-III with 7-22, 
13-III with 7-24, 14-III with 4-14; 0-IV with 3-14, 1-IV with 6-25, 2-IV with 
5-20, 5-IV with 5-14, 6-IV normally bifid, occasionally single, 9-IV with 4-10 
branches, 11-IV with 8-17, 13-IV with 4-24, 14-IV with 4-14; 0-V with 4-11, 
1-V with 7-25, 2-V with 6-20, 5-V with 4-17, 6-V single or bifid, 9-V with 
5-12 branches, 11-V with 8-23, 13-V with 9-22, 14-V with 5-15; 0-VI with 
4-12, 1-VI with 7-27, 2-VI with 7-23, 5-VI with 5-17, 6-VI single, 9-VI with 
5-13 branches, 11-VI with 7-23, 13-VI with 5-27, 14-VI with 4-16; 0-VII with 
5-16, 1-VII with 9-23, 2-VII with 6-20, 5-VII with 4-21, 8-VII with 4-16, 9-VII 
with 3-14, 11-VII with 5-16, 13-VII with 7-21. Comb with 3-10 large or mod- 
erately large teeth on a sclerotized comb plate, with or without 1 or more 
small intercalary teeth and with or without 1-12 small teeth ventrad of the 
plate, the larger teeth, at least, normally simple spines with at most a small 
fringe at base as figured, the smaller teeth sometimes broader and more 
extensively fringed. Seta 1-VIII with 10-28 branches, 3-VIII single to heptafid, 
5-VIII with 2-7 branches, 14-VIII frequently minute or absent, at other times 
relatively well developed with up to 15 branches. Saddle fringe usually con- 
sisting only of narrow spines, sometimes with some of the smaller teeth 
broader and fringed. Seta 1-X single to trifid, 2-X with 3-6 branches, 4-X 
with 2-7. Anal papillae cylindrical, from 1.4-5.0 length of the saddle. 

Siphon 2.5-5.9 length of saddle. Pecten with 3-11 teeth on either side of the 
midline, confined to the apical 0.33 to 0.67 of the length of the siphon, the 
individual teeth as figured. Seta 1-S paired, with 2-5 branches, la-S 4-11 in 
number on either side, 2a-S 4-14 in all, the individual setae in both cases 
single to trifid, occasionally tetrafid, lateral setae, when present, 1-4 in 
number, single to trifid. 

TYPE-DATA. 1. Wyeomyia aranoides. Unique female on pin in B. M. 
WEST MALAYSIA. Taiping. 22.xior 21.xii.1899. L. Wray Jr. 2. Skeiro- 
myia fusca. Male onpin, marked by me as lectotype, inscribed on the back of 
the mount "Larvae fr bamboo Pahang Rd Jungle 5 3/4 miles fr. Kuala Lumpur 
25/3/03, allolectotype female inscribed "Larva fr. Pahang Rd Jungle Kuala 
Lumpur. Uvanotaenia 12" and on the face of the mount 'Skeiromyia", 2 para- 
type males, one inscribed "Larva fr (P)ahang Rd (J)ungle bamboo 5 3/4 miles 
fr Kuala Lumpur. Fly. 25/4/03. Uvanotaenia 12" with terminalia on slip, 
the other without data, 2 paratype females, one without data, the other 
inscribed ''Larva fr bamboo Ulu Klang Jungle 8 miles fr Kuala Lumpur 16/4/03. 
Fly clypeus scaled''. These specimens were all marked by Edwards as co- 
types. Leicester's type, if any, may be presumed to have been lost (James 
and Stanton 1912: 59) and these specimens may have been chosen from among 
his material by Stanton. All are inthe B. M. 3. Squamomyia inornata. 
Unique male on pin in collection of Zoological Survey of India, Calcutta. 
BURMA. Kawthule State: Dawna Hills, 2000-3000 ft., 2 or 3. iii. 1908, 
Annandale. 4. Tvripteroides szechwanensis. Syntype male, female and larva. 
CHINA. Szechwan; Chengtu. 16.viand 4.viii. 1954 (Hsu 1964: 282). 
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DISTRIBUTION. INDIA. Assam: Shillong, 2%, 12, 31p. BURMA. Shan 
State: Aungban, 3%, 12. THAILAND. Ang Thong: Ban Bang Chao Cha, Ban 
Khlong Wua, Ban Phi Tang, Ban Pho Thong. Ayutthaya: Ban Lain, Bhon 
Pring, Bhon Wa. Chanthaburi: Ban Dao Luang, Ban Laem Sing, Ban Tha 
Chin, Ban Wak, Khao Pha Bat, Khlong Kathin. Chiang Mai: Ban Bo Luang, 
Ban Chang Kien, Ban Choeng Doi Sutep, Ban Hua Muang, Ban Huai Kaeo, Ban 
Huai Tat, Ban Hu Lek, Ban Ka, Ban Kee Lek Mae Tang, Ban Khun Klang, Ban 
Mae Kung, Ban Mae Lan, Ban Mae Sa, Ban Pang Kwang, Ban Rong Rua Taeng, 
Ban San Khayom, Ban Talaw, Ban Than Kleap, Ban Thung La Khon, Chiang 
Aloa Rd., Chiang Mai, Chungdoa Rd., Doi Khun Tan, Doi Sutep, Fang, Huai 
Mae Lon, Huai Pao, Huai Phrao, Huts, Klong Loi, Mai Klang Waterfall, Ma 
So Waterfall, Mea Sai, Nam Tok Pha Ngoep, Neatang, Phrao, Saraphi, Wat 
Phra That, Wat Si Soda. Chiang Rai: Ban Doi Wow, Mae Kow Toon. Chon 
Buri: Bang Phra, Khao Yai Li. Kanchanaburi: Ban Ka, Ban Kea Lok, Ban 
Ku Phadu, Ban Lao, Ban La Wa, Ban Nong Phang Khung, Ban Wang Kalang, 
Huai Lin Thin, Huai Bongti, Huai Mae Nam Noi, Sangkhla. Lampang: Ban 
Pha Daeng, Ban Pang Kho, Ban Rai Na Dieo, Doi Pha Huat, Huai Boong, 

Huai Not, Pho Pratu Pha San Chao. Mae Hong Son: Ban Huai Yang, Ban Mae 
Ho Nua, Doi Chang. Nakhon Nayok: Huai Kaew, Huai Si Waterfall, Huai 
Suwat, Ka-ang Waterfall, Khao Yai, Pha Kleuy Mai, Sariga Waterfall. Nakhon 
Ratchasima: Ban Tha Maprang, Ban Wang Nam Khea, Pak Chong. Nakhon 
Sawan: Ban Hok Hak, Ban Kaeng, Ban-ko, Ban Nua Sathani, Ban Tak Hian 
Luan, Ban Talat Tai, Huai Krachang Ngam, Khao Luang Nur, Ko-klang Dact. 
Nakhon Si Thammarvat: Ban Na, Ban Sai Koe, Ban Thuan Lek, Chaung Khao, 
Khao Luang. Nan: Ban Noi Rong Nok, Ban Pha Hang, Ban Pha Man, Ban Ta 
Lai, Ban Ta Loc, Bang Wang No. Phangnga: Khao Pak Chaung, Khao Sung, 
Nam Tai, Pathum, Phangnga, Tang Mai, Thap Wen. Phvae: Phrae. Prachin 
Buri: Ban Thung Fack. Pvrachuap Khiri Khan: Huai Yang Forest. Ranong: 
Ban Chatri, Ban Salak Phet, Khao Chatri, Khao Dan Bang Pra, Khao Pluching, 
Khlong Bang Yang, Khlong Ban Man, Kong Set Ta Kuat, Kraburi. Surat Thani: 
Ban Li Pa Noi, Ban Li Pa Yai, Ban Saket, Ban Thong Phlu, Khao Kwang, Khao 
Phlu, Khao Yai, Klong Chan Di, Koh Samui, Ma Phrao. Tak: Doi Sam Sao, 
Khao Salak Phra. Thon Buri: Bang Pakok. Tvat: Ban Cham Rung, Ban 
Saphan Hin. 419°, 4912, 3P, 970 L, 71, 491 lp. WEST MALAYSIA. Johor; 
Kota Tinggi. Kedah; Kg Bagan, Sintok F. R. Kelantan; Bertam, Gua Musang, 
Limau Kasturi. Negeri Sembilan; Palong F. R. Pahang; Bentong, Bentong 
Rd., Chegar Perah, Fraser's Hill, Kg Janda Baik, Kg Lamir, Kg Relong, 

K. Lipis, Mela, Merapoh, Padang Tungku, Pulau Tioman, Sungai Temau. 
Pahang/Selangor; The Gap. Perak; Chior F. R., Kg Gunong, Kg Jalong, Kg 
Kuala Dipang, Kg Serang Itek, K. Kangsar, Lasah, Lenggong, Maxwell's Hill, 
Pulai, Sungai Siput, Taiping (type-locality), Terong. Perlis; Kg Peng Besar, 
Kg Wang Kelian. Selangor; Ampang F. R., Bt Kutu, Bt Ulu Bakau, Jugra, Kg 
Tanjong Rabok, K. Kubu- Gap Rd., K. Lumpur, K. Selangor, Pahang Rd. 
Jungle, Ulu Gombak, Ulu Klang, Ulu Langat, Ulu Lui F. R. Terengganu; 
Dungun, K. Brang, K. Renggeh, K. Terengganu, Marang. 704%, 8689, 262 L, 
65 p, 7241p. EAST MALAYSIA. Sabah. Keningau; 1%, 6°. INDONESIA. 
Java. Bandoeng; 4°, 89; Batavia; 8°; Bogor; 5“, 28 L; Buitenzorg; 3°’; 
Djajasana (Garoet); 2%, 62, 11, 2 lp; Djakarta; 40°, 69; Keara Tjondong 
(Bandoeng); 2°; Maribaja (Lembang); 60, 12; Pasiripis (Lembang); 40, 39; 
Rawallo; 7°, 172; Tjibodas; 1%, 12; Tsjompet; 9 L. Bali. Batoeriti; 1%, 19; 
Kintamani; 1°, 12. Flores. Lekebai; 12. CAMBODIA. Kirirom. Kirirom. 
1° terminalia. VIETNAM. Quang Duc. Bu-Prang, 2 L. TAIWAN. Chung- 
Keng Ho-Ping Tai-Chung; 5 L; Kechuan Fenlu Chiai; 2°, 1°; Kenkou Wu-Feng 
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Tai-Chung; 2 L; From Ku-Kuan to Pe-Leng Ho-Ping Tai-Chung Hsien; 19; 
Peak Lai-I Ping Tung; 12; Unnamed localities; 1°, 42. Additional records 
from literature. INDIA. Barraud (1929a: 1059, 1934: 44) has records from 
Assam and the Darjeeling district which may refer either to the present spe- 
cies or to ceylonensis (see under ceylonensis, p. 29). His other records are 
more likely to refer to ceylonensis. BURMA. Records from Rangoon (Bar- 
raud 1934: 44; Jolly 1933: 28) probably refer to the present species since this 
is well outside the known range of any other member of the complex. For the 
record of inornata from the Dawna Hills see under Taxonomic Discussion. 
THAILAND. Thurman (1959: 30) has records from Buker Cabin area, Doi 
Chom Cheng, Mae Rim District and Tad Muay Falls in Chiang Mai changwat 
and Huey Bpong in Chiang Rai, based in part on material from tree holes and 
bamboos, and accordingly ascribable to the present species, and in part on 
specimens taken as adults which might be tenax, though this seems unlikely on 
distributional grounds. The general record by Iyengar (1953: 746) probably 
covers both this species and tenax. WEST MALAYSIA. Pahang/Kelantan: 
Gunong Tahan, Selangor: Kanching, Wardieburn Estate (Macdonald 1957: 10). 
No data are available on which an attribution might be based. EAST MALAY- 
SIA. Sarawak: Unnamed localities (Moulton 1915: 48), Kampong Pangkalan 
Kuap (Macdonald et al. 1965: 337), Kuching (Macdonald et al. 1967: 148). 
These records are similarly unattributable. INDONESIA. Sumatra. Brug 
(1931: 16) has records from bamboos at Ranau See and Tjoeroep, supported by 
a figure of the larval comb, which are probably attributable to the present 
species. I have not seen any early stages from this island. Brug and Edwards 
(1931: 257) have a record from Kotta Tjane which could be either of this spe- 
cies or of tenax. VIETNAM. Borel (1930: 153) has a record from bamboos 

in forest at Gianhan attributable to the present species. His figure of the lar- 
va is in reasonable agreement. PHILIPPINES. Valder et al. (1971: 85) have 
a record of 'avanoides''from Amlan, Negros Oriental, based on light trap 
collections. I presume this to be a misidentification. CHINA. Hainan. The 
record by Chu (1957: 146) refers to material from bamboos and tree holes and 
may be presumed to refer to the present species. Chu (1958: 111) adds no fur- 
ther data. Szechwan. The only available record is from the type-locality of 
szechwanensis given above. Larvae were found in bamboo stumps and, on one 
occasion, a ground pool As indicated below under Taxonomic Discussion, I 
see no reason to regard them as other than avanoides, Yunnan. Records from 
Chefang (Chow 1949a, b) are from bamboo stumps and are similarly attribut- 
able. 

TAXONOMIC DISCUSSION. Among the 5 members of the avanoides com- 
plex recognized here, serratus is the only one which.can be distinguished from 
the others on adult characters. The type of ceylonensis, as of the present 
species, is a unique adult, but this name can be ascribed with confidence to 
the Sri Lanka (Ceylon) species on distributional grounds (see p. 29). The 
name tenax can be ascribed with confidence to the pitcher plant species but can 
only be excluded provisionally from the synonymy since its known distribution 
overlaps with that of avanoides and the breeding place of the type specimen of 
the latter is unknown. The pitcher plant species is not known, however, from 
the type-locality or anywhere else in Perak and I feel justified, therefore, in 
attaching the name avanoides to the bamboo species. In my view the latter, 
besides differing from tenax in preferred breeding places (bamboos vs. pitcher 
plants) is a more northerly species. It extends eastwards from Assam to 
southern China and southwards through West Malaysia to approximately the 
southern limit of the central highlands then disappears to reappear again in 
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Indonesia as do some anophelines (Reid 1950: 52). In contrast to this tenax is 
a southern form extending from Indonesia through Singapore and Johor into 
Pahang and Selangor and northwards along the west coast to just south of the 
Burma-Thailand border about half way up the Isthmus of Kra. 

As regards names retained in synonymy; Leicester (1908: 249) describes 
his Skeirvomyia fusca as breeding in bamboos and several of his cotypes, in- 
cluding the lectotype, are labelled as from these. According to Daniels (1908a: 
5) he also identified some specimens from pitcher plants as fusca but there is 
no evidence that these were included in his type-series. I therefore regard 
the present synonymy as firmly established. According to a note in the MEP 
archives (Scanlon ms.) the type of Squamomyia inornata lacks the abdomen, 
mid- and hindlegs and one wing. The B. M. has 2 slides, one with a male 
abdomen and the other with the upper part of a leg. They are labelled by 
Theobald 'Squamomyia inornata n. sp. %'' and may well be part of the type, 
though not labelled as such. This material, Theobald's description and the 
distribution all appear consistent with the attribution to the present species. I 
have been unable to obtain any material of Tripteroides szechwanensis but the 
description and distribution are similarly consistent with the present attribu- 
tion and distribution are similarly consistent with the present attribution, see 
Mattingly (1980). 

The status of tenax vis-a-vis the present species must remain in doubt 
until it can be investigated in the field. As noted under tenax (p. 37) they 
appear to be quite distinct, at least on the character of seta 8-VII of the larva 
with the solitary exception of some material from unnamed pitcher plants at 
Kota Tinggi in Johor where some intergrading occurs. This might suggest 
local hybridization were it not well south of the known limits of avanoides in 
West Malaysia. It could be an environmental effect (see p. 40) but in this case 
I would have expected to see more of it elsewhere, especially in view of the 
extensive material of both species available. Its geographical basis is not 
clear since fenax occurs well to the north apparently without intergrading. 
Until further light can be thrown on this problem it seems best to maintain the 
2 as distinct species. 

Barr and Chellapah (1963: 185) note the presence in Singapore of 2 forms of 
avanoides, one commoner in pitchers of Nepenthes ampullaria and rafflesiana, 
the other in N. gracilis. They do not describe these forms and on the basis of 
my Singapore material I presume them to be referring chiefly to differences in 
hairiness. As noted under tenax (p. 40) this variation is continuous and, I 
suspect, largely environmental. It badly needs investigating under controlled 
conditions in the laboratory. On the character of seta 8-VII all the extensive 
Singapore material I have examined conforms unequivocally to tenax. It is 
probably also significant that Colless (1957: 112) fails to mention 'avanoides"' 
under species breeding in small simple containers (including bamboos) but only 
among those breeding in pitcher plants. Nor have I seen any material from 
Sumatra referable otherwise than to tenax. All my material from that island 
came from pitcher plants except for 1% and 12 from Mandailing and 12 from 
Toba Meer from unrecorded breeding places. The unique female from Flores 
is from an unknown breeding place and could be fenax. It is included under 
aranoides because this is the only species so far seen from the Lesser Sundra 
Islands but material from these islands is very scanty. 

Females from Java show considerable variation in terminalia. Those from 
Djajasana and Rawallo dissected by me have the spermathecal lobes approxi- 
mately equal in size to the smallest seen from West Malaysia. Others from 
Bandoeng and Djakarta have them much larger, about half as large again as the 
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largest from West Malaysia, while 1 of 3 from Bandoeng and all 3 dissected 
from Djakarta have the smaller lobes fused. In these specimens the sper- 
matheca accordingly has only 2 lobes approximately equal in size. Correlated 
with this is an increase in the number of bristles on the insula (7-8 peripheral 
bristles vs. 3-6 and 4-7 vs. 2-6 in the posterior corners). A female from 
Batavia is intermediate with respect both to the spermathecal lobes and to the 
insula. I do not think that taxonomic treatment is called for at present, 
particularly as associated early stages are available only for the typical form. 
Tripteroides (Trp.) plumosus (Brug) from Java has a very similar larva to 
those of the present species and tenax. The separation of the dorsal comb 
teeth from the remainder and the absence of teeth ventrad of the comb plate 
are not diagnostic of this species as was suggested by Brug (1931: 18). As 
far as can be seen from the 2 larval skins which are all that remain of his 
material the heavily sclerotized, but at the same time extensively fringed, 
larger comb teeth are distinctive. 

BIONOMICS. Almost all published evidence suggests that this and other 
members of the avanoides complex are only rarely attracted to man (Chow 
1949a: 127; Macdonald and Traub 1960: 89; Macdonald et al. 1967: 148; 
Senior-White 1920: 320). This is fully borne out by the very large collections 
available tome. Jolly (1933: 28) describes the present species as a day biter, 
but gives no figures and may well have based this observation on only a small 
number of recoveries. 

On present evidence this species is overwhelmingly a bamboo breeder. Of 
the various isolates seen by me, 534 came from bored, cut or split bamboos, 
38 from tree holes, log holes or stump holes, 9 from leaf axils or bracts, 8 
each from plant pitchers and ground pools or other ground water, and 5 from 
artificial containers or coconuts. 

The eggs are undescribed but Macdonald (1957: 10) found a small batch in 
a bamboo pot at Fraser's Hill attributable either to this species or to tenax. 
These were slowly dried, stored for 10 days and then immersed in water. 
Sporadic hatching followed from 4 to 10 days after. Jolly (1933: 28) found the 
present species in Rangoon only from August to November. Chow (1949b: 467) 
found it in Yunnan from June until some time before the end of the year. It 
would appear therefore either that the eggs are drought resistant or that the 
adults are capable of prolonged aestivation. 


2. TRIPTEROIDES (RACHIONOTOMYIA) CEYLONENSIS (THEOBALD) 
(Figs. 14, 15, 28) 


Rachionotomyia ceylonensis Theobald 1905: 248. 

Rachionotomyia ceylonensis of Edwards 1913: 241. 

Rachionotomyia avanoides of James 1914: 263; Senior-White 1920: 320, 1926: 
190, and 1927: 66; Edwards 1922: 444 (part), 1926: 117 (part); Barraud 
1929a: 1059 (part). 

Tripteroides (Tripteroides) aranoides of Edwards 1932: 78 (part); Stone et al. 
1959: 66 (part). 

Tripteroides avanoides of Barraud 1934: 42 (part); Wijesundara 1942: 455; 
Carter 1950: 87. . 

Tripteroides (Rachionotomyia) aranoides of Stone 1963: 121; Knight and Stone 
Ste Blt. 

?Culex singalesi Theobald in Green 1901: 368 (nomen nudum). 

?Culex singalesi Marlatt 1903: 122 (nomen nudum). 
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FEMALE. Wing 2.2-3.8 mm. Head. Proboscis 1.2-1.4 length of fore- 
femur, 1.1-1.2 of abdomen. Palps 0.14-0.17 of proboscis. Palps and pro- 
boscis entirely dark. Clypeus with numerous flat white scales. Tori with 
small pale scales on inner surface. Antenna about 0.5 length of proboscis or 
a little more. Occiput with broad, flat, dark scales with bronzy reflection 
and a conspicuous border of whitish scales around eye margins with pronounced 
blue reflection under appropriate illumination, small, dark upright scales on 
nape, 2-3 stout, dark, orbital bristles far out on either side. Thovax. Scutum 
covered with broad, flat brown scales with bronzy luster, directed outward 
except in the midline where they are somewhat narrower and directed more 
posteriorly, broad or moderately broad whitish scales on anterior border. 
Broad scales above paratergite whitish to midbrown. No prescutellar bristles. 
Scutellar scales entirely dark. Postnotum bare. Anterior pronotal lobes with 
whitish scales on anterior border. Posterior pronotum entirely covered with 
broad pale scales. No posterior pronotal bristle seen, 2-5 spiraculars. 
Subspiracular and postspiracular areas, all but the anteroventral part of the 
sternopleuron, mesepimeron and coxae white scaled. Paratergite bare. 1-2 
prealar and 2-9 lower sternopleural bristles present. Legs. As described 
for avanoides (p. 21). Wing. Outstanding scales on upper surface narrow, 
linear, broader on Rg and Rg, especially toward the tip. Upper calypter with 
4-10 hairlike scales. Upper fork cell 1.5-1.6 length of its stem. Halter. 
Head dark. Abdomen. As in avanoides (Figs. 1, 6) dark above with uniform 
whitish lateral border. Sternites all pale. Terminalia. As in avranoides 
(Fig. 6). 

MALE (Fig. 14). Wing 2.0-3.2 mm. Antenna strongly plumose, about 
half the length of the proboscis or slightly more. Upper fork cell 1.2-1.5 the 
length of its stem. Claws as in avanoides (Fig. 3). Abdominal markings as 
in the ?. Terminalia (Fig. 14) as in avanoides. Basal lobe of basistyle with 
6-8 setae longer and stouter than the others. Paraproct with 3-4 large teeth 
and 1 smaller one. I[Xth tergite with 3-5 flattened spines on each lobe, one 
broader than the others. 

PUPA (Figs. 14, 28). Very much as in fenax and aranoides, differing 
from these only in the paddle which is shorter and less pointed, at most 1.3 
as long as its greatest breadth. The overall range of variation is illustrated 
in Fig. 28. 

LARVA (Fig. 15). Closely resembles that of avanoides. Palatal setae 
slender. Seta 1-A single, arising near tip of antenna; 1-C stout or moderately 
stout, not very strongly curved, 4-C single, 5,6-C single or bifid, 7-C with 
2-9 branches, 11-C with 7-13, 14-C with 2-7, 15-C with 4-9. Mentum with 
8-10 teeth on either side of the main central tooth. Thorax. Seta 0-P with 
8-18 branches, 1-P with 6-17, 3-P with 6-12, 4-P with 7-13, 7-P with 9-12, 
8-P with 10-16, 9-P with 2-6, 11-P with 2-4, 13-P with 11-20, 14-P with 
15-25; 1-M with 9-18, 6-M from shorter than to slightly longer than 7-T, 
without basal denticle, its tip pectinate, 8-M with 5-15 branches, 9-M with 
0-8, 13-M with 11-24, 14-M with 9-20; 1-T with 9-19, 4-T with 7-19, 5-T 
with 8-17, 7-T with basal arm which is itself sometimes further divided, 8-T 
with 4-11 branches, 9-T with 5-7, 13-T with 12-24. Abdomen. Seta 1-I with 
7-14 branches, 2-I with 7-18, 5-I with 6-14, 6-I with 2-3, 7-I single or bifid, 
9-I with 3-8 branches, 11-I with 8-16, 13-I with 12-19, 14-I with 5-10; 0-II 
with 5-9, 1-II with 8-15, 2-II with 7-16, 5-II with 7-15, 6-II and 7-II single or 
bifid, 9-II with 3-8 branches, 11-II with 9-15, 13-I. with 11-19, 14-II with 
6-10; O-III with 4-10, 1-III with 10-16, 2-III with 8-17, 5-III with 5-14, 6-III 
single or bifid, 9-III with 5-20 branches, 11-III with 9-17, 13-III with 11-17, 
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14-III with 5-12; 0-IV with 5-11, 1-IV with 10-17, 2-IV with 7-18, 5-IV with 
7-15, 6-IV single or bifid, 9-IV with 5-11 branches, 11-IV with 9-20, 13-IV 
with 11-17, 14-IV with 5-13; 0-V with 5-11, 1-V with 6-18, 2-V with 8-17, 
5-V with 8-13, 6-V single, 9-V with 5-13 branches, 11-V with 9-17, 13-V 
with 11-18, 14-V with 5-12; 0-VI with 4-9, 1-VI with 10-17, 2-VI with 9-14, 
5-VI with 8-13, 6-VI single, 9-VI with 6-11 branches, 11-VI with 10-15, 
13-VI with 9-17, 14-VI with 4-10; 0-VII with 6-13, 1-VII with 9-17, 2-VII with 
7-14, 5-VII with 7-19, 8-VII with 7-13, 9-VII with 5-11, 11-VII with 7-18, 
13-VII with 7-17. Comb with 6-9 large teeth and 1-6 smaller intercalary teeth 
arising from a sclerotized comb plate, the larger teeth relatively slender 
spines, some of the smaller and more ventral sometimes broader, 1 or 2 of 
the most ventral sometimes arising off the comb plate. Seta 1-VIII with 10-23 
branches, 3-VIII with 2-6, 5-VIII single to tetrafid, 14-VIII often apparently 
absent, sometimes well developed as in Fig. 15. Edge of saddle with siender 
spines. Seta 1-X with 2-3 branches, 2-X with 4-7, 4-X with 3-7. Anal 
papillae more or less cylindrical from about 1.1-2.3 length of the saddle. 
Siphon about 2.2-3.0 length of the saddle. Pecten with 4-8 teeth on either side 
of the midline, individual teeth as in Fig. 15, the delicate lateral fringe barely 
perceptible. Seta 1-S paired with 2-4 branches, 1la-S with 2-3, 4-6 in number 
on either side of the midline, 2a-S 6-10 in number, with 2-3 branches, later- 
al setae 2-4 on either side, single to trifid. 

KARYOTYPE. The description by Aslamkhan (1971: 237) is based on 
material from Dinajpur District, Bangladesh. This is taken provisionally to 
have been the present species on distributional grounds. 

TYPE-DATA. Holotype female on pin. SRI LANKA. Peradeniya, x.1901, 
in B. M. 

DISTRIBUTION. BANGLADESH. Chittagong Division; Sylhet District, 
Chaklapungee; 12, Ramgarga; 7o°. INDIA. Assam: Sibsagar District, 
Golaghat; 2%, 2 L, 11, 1 lp. Bengal: Darjeeling District, Old Jalpaiguri; 
To 68: Gsbt iepy Solon Pashoks dubs Sukhas 37¢ jc 842; ALL, 25: pyo 89 lp: 
Bombay Deccan: Belgaum District, Nagargali; 20%, 22, 4lp. MNilgiri Hills: 
Gudalur; 20%, 302, 5 p; Nandateei Estate; 60, 62; Silver Cloud Estate; 1°, 

32; Tamil Nadu: Salem District, Yercaud, Shevaroy Hills, 4500 ft.; 1°. 

SRI LANKA. Central Province: Kandy District, Aluwiharie; 2°; Peradeniya 
(type-locality); 77%, 799, 55 L, 100 p, 47 lp; Udawattekele; 14%, 11%, 23 L, 
14 lp; Wakarwatte; 1°; Matale District, Suduganga; 20%, 4°; Nuwara Eliya Dis- 
trict, Badulla; 32. Northwestern Province: Puttalam District, Kala-oya; 1¢, 
1 lp; Southern Province: Galle District, Sinharaya Forest, Kanneliya; 1°, 

1 lp; Western Province: Colombo District, Colombo; 1%, 32; Gampaha; 12, 

1 pi GanemublasS?: Kalatiwawas 205.39, )1:ydp, YP Ips Wagus 1O). 18 )2 ps 
Kalutara District, Badureliya; 12, 1 1p; Sinharaja Forest, Morapitiya; 19°, 
19%, 6b, 3p, 28 lp. 

Additional records from literature. ANDAMAN IS. Barraud (1929a: 1060, 
1934: 44) has a record of 'avanoides"’ which may refer to the present species. 
INDIA. Records by Barraud (loc. cit.) from Yellapur and Kedra, N. Kanara 
and from Kumtai in the Sibsagar District of Assam probably refer to the pres- 
ent species. His others from Assam are dealt with below under Taxonomic 
Discussion. 

TAXONOMIC DISCUSSION. Theobald (1905: 249) based the genus Rachiono- 
tomyia on the unique holotype of the present species by reason of the presence 
on the scutellum of a "large thick tapering blunt process backwards, covered 
with flat scales of dull grey hues... . '' Banks, ina note attached to the 
type and dated 21 Sept. 1908 (quoted in full by Edwards 1913: 241) suggests 
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that the process is an exudate from the internal tissues with scales adventi- 
tiously attached. In my view it is purely an artifact comprising a small piece 
of Canada balsam with scales transferred from various parts of the specimen 
including the wing fringe. I certainly agree with Banks, and Edwards, that it 
is of no taxonomic significance. Though treated here as a distinct species 
pending further investigation this may well be a geographical subspecies of 
avanoides. The 2 ranges appear to make contact, if at all, along the southern 
edge of the Brahmaputra Valley in Assam. Here avanoides occurs in Shillong 
at about 5,000 ft. in the Khasi Hills while Barraud (1929a: 1060, 1934: 44) has 
a record, probably of that species, from Haflong at about 4, 000 ft. in the 
Cachar Hills. In contrast the only material of ceylonensis seen by me from 
Assam comes from localities in the floor of the valley below 500 ft. On the 
other hand, Barraud (loc. cit.) has records from the south-facing slopes run- 
ning up to Darjeeling, from Tindharia, Sureil and Mungpoo (Mongapo) between 
2,500 and 5, 000 ft. but material from these is no longer available. The unas- 
sociated adults from Bangladesh come from low altitude and can be attributed 
with some confidence to the present species. 

Adults of ceylonensis tend to have more extensive pale scaling on the 
anterior border of the scutum than do those of avanoides and the broad scales 
above the paratergite more often pale, but these differences are not constant. 
The pupal paddles afford the best diagnostic character, being more rounded 
and almost always shorter than the shortest seen in avanoides. Fig. 28 shows 
the extremes of variation in both species. These will be seen to be much 
greater in avanoides than in ceylonensis. There is, however, no sign of 
clinal variation in the former, relatively short paddles being apparently at 
least as common in Malaysia as in northern Thailand. The larvae appear to 
be indistinguishable. 

Culex singalesi is a nomen nudum attributed by Marlatt (1903: 122) to 
Theobald in Green (1901). The latter includes it, in a footnote to his list of 
mosquitoes recorded from Ceylon, among additional names sent him by 
Theobald. I am indebted to Dr. Ward for the suggestion that this is probably 
a manuscript name for ceylonensis subsequently changed by Theobald. This I 
accept. It appears from surviving correspondence in the B. M. that the addi- 
tional names are based on "'a second small batch" of mosquitoes sent to Theo- 
bald by Green in November 1901. His covering letter is marked by Theobald 
"List sent 14/12/01". This hardly leaves time for publication of the circular 
containing Green's list in December 1901 which is the date it bears. However, 
publications do not in fact always appear on the date attributed to them. 

The figure of the cibarium in Barraud and Covell (1928: Fig. 44), attributed 
to avanoides, is based on material of unknown provenance, probably Indian 
and provisionally attributable to the present species. 

BIONOMICS. Barraud (1929a: 1060) states, ''All the specimens bred out 
were from larvae found in bamboos,"' but later (1934: 44) amends this to, 
"HABITAT. - Bamboos, occasionally tree-holes"’. Isolates from India seen by 
me were distributed as follows: cut and bored bamboos 32, tree hole 1, banana 
stump 1. The Bangladesh material came from bamboo stumps apart from 1 
resting female. Senior-White (1920: 320) says [in Ceylon], ''This species is a 
tree-hole breeder. It was bred in large numbers in November from bamboo 
stumps... and two SO were bred from water ina hollow Erythrina tree... 
in the same month.'’' Though oddly expressed, I take this to be equivalent to 
Barraud's statement. Wijesundara (1942: 455) records 47 isolations from 
bamboos and 3 from tree holes. Isolates from Sri Lanka seen by me were 
distributed as follows: cut and bored bamboos 34, tree holes, stump holes, 
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root holes and log holes 7, leaf axils (Colocasia, Bromelia spp., pineapple, 
"Bottle gas plant") 8, coconut shell 1, ground pool 1. Senior-White (1926: 

193) records the following ranges of variation in physical factors in the 
breeding places: pH 5.8-7.6, solute concentration (conductivity x 106) 100-999, 
dissolved oxygen requirement nil. According to Senior-White (1920: 320), 

"The 2 does not bite." 


3. TRIPTEROIDES (RACHIONOTOMYIA) COONORENSIS NEW SPECIES 
(Figs, 3, 5) 16, 27) 


FEMALE (Figs. 3, 5). Wing 3.0-3.9mm. Head, (Fig. 3). Proboscis 
very slender, 1.3 length of forefemur, 1.2-1.3 of abdomen. Palps 0.12-0.14 
of proboscis. Clypeus usually with pale scales. Toribare. Antenna about 
0.5 length of proboscis. Occiput with flat, dark scales with bronzy reflection 
and a border of white scales around eye margins, with subdued blue reflection, 
expanding ventrolaterally. Small dark upright scales with expanded tips on 
nape. 2-3 orbital bristles well out on either side. Thovax. Scutal ornamen- 
tation as described for affinis but with narrow white scales on anterior border 
much more numerous and dark scales much narrower. 1-3 prescutellar 
bristles present, usually 3. All scutellar scales dark. Postnotum bare. 
Scales on anterior pronotal lobes mainly white, those on posterior pronotum 
midbrown. One posterior pronotal bristle and 2-6 spiraculars present. 
Almost the whole pleuron except for the anteroventral portion of the sterno- 
pleuron with broad white scales. Coxae white scaled. Paratergite with white 
scales encroaching slightly onto scutum. 1-3 prealar bristles present, 2-3 
lower sternopleurals. Legs. Femora pale below to tip. Claws simple, much 
as described for affinis but the hindclaws more strongly curved. Wing. Much 
as in affinis (Fig. 10). Upper calypter with 5-6 hairlike scales. Upper fork 
cell 1.3-1.7 length of its stem. Halteres. Head entirely dark. Abdomen 
(Fig. 5). Dark above with continuous lateral border of pale creamy scales 
and small apicolateral encroachments barely visible from above. Venter pale 
except for sternite VIII which is dark. Terminalia. Much as in affinis (Fig. 
7). IXth tergite with 7 setae in the specimen examined; insula with 5 peripher- 
al setae on either side of midline and 4 on each side in the posterolateral cor- 
ners. 

MALE (Fig. 16). Wing 3.2-3.6 mm. Antenna less than half the length of 
proboscis. Upper fork cell 1.3-1.5 length of its stem. Claws (Fig. 3) much 
as inavanoides but more strongly curved. Terminalia (Fig. 16). Apparently 
indistinguishable from those of avanoides. Basal lobe of basistyle with 8 long, 
stout setae. Lobes of [Xth tergite widening towards base, the space between 
them consequently V-shaped rather than U-shaped (distinction from a@ffinis, 
Fig. 24), with 4-5 spines at tip, the tergal spine flattened, darkened and blunt- 
tipped. Paraproct with 2 stout teeth only, no smaller ones (a possible distinc- 
tion from both species). Apex of main body of phallosome with a well developed 
pointed lobe as in avanoides. 

PUPA (Fig. 16). Very similar to that of affinis but with the paddles longer 
and much more constant in length. Differs mainly as follows: seta 4-I with 
2-3 branches, 6-I mostly single (bifid in one specimen), 7, 9-I single in all 
cases; 4-II with 2-4 branches, usually 2-3; 4-III single or bifid, usually single, 
D-III as for affinis but longer than 3-III on one side of one specimen; 9-V bifid 
or trifid; 5-VI single to trifid, 7-VI single in all cases; 3-VII single or bifid 
(longer than segment VIII in all specimens but one). Paddles 1.9-2.4 as long 
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as their greatest breadth. 

LARVA (Fig. 17). Closely resembles that of affinis. Head. Setae 1-A 
and 1-C as described for affinis, 1-C strongly curved inwards though less so 
than in Fig. 25. Seta 4-C single to trifid, 5,6-C single or bifid, 7-C with 3-6 
branches, 11-C with 8-15, 14-C with 2-5, 15-C with 3-7. Mentum with 8-10 
teeth on either side of the central tooth. Thovax. Seta 0-P with 9-19 branches, 
1-P with 12-22, 3-P with 8-14, 4-P with 9-15, 7-P with 12-19, 8-P with 11-26, 
9-P with 5-6, 13-P with 25-32, 14-P with 22-39; 1-M with 13-21, 6-M simple, 
either blunt or sharp pointed, 8-M with 8-24 branches, 9-M with 6-11, 13-M 
with 12-23, 14-M with 14-25; 1-T with 13-21, 4-T with 6-15, 5-T with 14-20, 
7-T with well developed basal arm in all cases, the longer arm usually, and 
the shorter always, sharp pointed, from 1.5-3.0 length of 6-M (usually more 
than 2.0 of 6-M), 8-T with 7-19 branches, 9-T with 6-9, 13-T with 13-22. 
Abdomen. Seta 1-I with 11-21 branches, 2-I with 10-18, 5-I with 11-16, 6-I 
double, 7-I single to trifid, 9-I with 3-7 branches, 11-I with 10-17, 13-I with 
12-22, 14-I with 7-12; 0-II with 5-13, 1-II with 12-20, 2-II with 11-17, 5-Il 
with 9-18, 6-II single or bifid, 7-II bifid, 9-II with 5-11 branches, 11-II with 
10-17, 13-II with 14-21, 14-II with 7-12; 0-III with 8-16, 1-III with 13-21, 
2-III with 10-15, 5-III with 12-16, 6-III bifid, 9-III with 6-13 branches, 11-III 
with 12-19, 13-III with 16-21, 14-III with 7-12; 0-IV with 10-16, 1-IV with 
14-20, 2-IV with 10-16, 5-IV with 13-22, 6-IV double, 9-IV with 12-14 
branches, 11-IV with 13-18, 13-IV with 15-20, 14-IV with 8-12; 0-V with 
11-17, 1-V with 17-24, 2-V with 13-17, 5-V with 15-23, 6-V double, 9-V with 
14-18 branches, 11-V with 16-18, 13-V with 16-20, 14-V with 9-14; 0-VI with 
10-15, 1-VI with 15-24, 2-VI with 13-15, 5-VI with 12-25, 6-VI single or 
double, 9-VI with 10-18 branches, 11-VI with 16-19, 13-VI with 16-17, 14-VI 
with 8-11; 0-VII with 9-16, 1-VII with 17-25, 2-VII with 13-15, 5-VII with 
14-22, 8-VII with 10-14, 9-VII with 7-10, 11-VII with 10-15, 13-VII with 
14-16. Comb as in Fig. 17 with 12-21 teeth in a straight, closely packed row, 
the more dorsal sharp spines, the more ventral fringed scales, the 2-3 most 
dorsal a little more widely spaced. Seta 1-VIII with 17-20 branches, 3-VIII 
with 5-9, 5-VIII with 3-5, 14-VIII, where present, minute, single to hexafid. 
Saddle edge with long, slender spines. Seta 1-X single, 2,4-X each with 3-6 
branches. Anal papillae variable, broad and leaf-shaped in some specimens, 
much narrower in others, from about 1.2-3.0 length of the saddle. Siphon 
3.0-3.7 length of saddle. Pecten with 2-7 teeth on either side of the midline, 
the individual teeth as inaffinis and similarly confined to the apical two-thirds, 
or thereabouts, of the siphon. Seta 1-S with 3-5 branches, 1la-S, 2a-S and 
lateral setae with 2-3. Setae la-S 4-8 in number on either side of midline, 
2a-S 3-7 in all, lateral setae 1-4, absent in one specimen. 

TYPE-DATA. Holotype male, #6, on pin with associated larval and pupal 
skins on slide, U.S.N.M. type no. 76706. INDIA: Coonor, Sim's Park, 1968. 
B. N. Mohan. Allotype female, #50, on pin with associated larval and pupal 
skins on slide, both in U. S. N. M. INDIA: Coonor, 1968. B. N. Mohan. 

DISTRIBUTION. INDIA. Madras State: Coonor (type-locality); 80°, 159, 
1L, 4p, 20 lp; Grant Hill, Wellington, 7°, 52, 11, 8 lp. 

TAXONOMIC DISCUSSION. Although the adults differ strikingly in the 
ornamentation of the back of the head and scutum, there appears to be no 
single character completely diagnostic for the larvae of this species and a@ffinis. 
The present species is much less variable in the larval and pupal stages than 
affinis, at least to judge from the limited series of specimens available, and 
specimens of the latter with reduced larval comb or short pupal paddles are 
easily distinguished. The range of variation in setal branch numbers can be 
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given only approximately for the larva, since so much of the material comprises 
badly distorted larval skins. This applies particularly to the posterior abdo- 
minal segments. The overlap with affinis is certainly extensive but reduction 

in size of larval seta 14-VIII of the present species is matched in only 2 of my 
affinis larvae. The very short seta 6-M in most larvae of the present species 
is also diagnostic from almost all the larvae of affinis seen by me and differ- 
ences in the shape of the anal papillae may provide a useful additional partial 
character. 

BIONOMICS. All the available specimens came from bamboo stumps, the 
condition of which is not recorded. It would be interesting to know whether 
variations in the degree of weathering of these was associated with the vari- 
ability, particularly of the larval comb, observed in affinis. No information 
is available as to adult biology. 


4. TRIPTEROIDES (RACHIONOTOMYIA) SERRATUS (BARRAUD) 
(Fig. 5) 


Rachionotomyia avranoides var. serrata Barraud 1929a: 1059. 
Tripteroides avanoides var. serrata Barraud 1934: 43. 
Tripteroides (Tripteroides) avanoides serratus of Thurman 1959: 31. 


FEMALE (Fig. 5). Wing 3.2-3.4 mm. Head. Proboscis long and slender, 
1.3 length of forefemur, 1.1 of abdomen. Palps about one-seventh of the length 
of the proboscis. Anterior half of clypeus with abundant flat white scales. 
Inner surface of tori with similar, but smaller, scales. Antenna about 0.9 
length of proboscis. Occiput with flat dark brown scales and a conspicuous 
border of white scales, with faint bluish reflection, round eye margins, ex- 
panding ventrolaterally. Small brown upright scales with expanded tips on 
nape. Three orbital bristles well out on either side. Thorax, Scutum with 
broad, flat, dark brown scales with bronzy reflection, narrower and directed 
backward in midline, otherwise directed outward and backward. Some moder- 
ately broad pale scales on anterior promontory. Broad scales above parater- 
gite brown. No prescutellar bristles. Scutellum entirely dark scaled. Post- 
notum bare. Anterior pronotal lobes with broad, pale scales, some dark ones 
posteriorly. Posterior pronotum entirely covered with broad pale scales, no 
posterior pronotal bristle, 2-4 spiraculars. Pleura entirely covered with 
broad, pale scales except for the anterior portion of the postspiracular area, 
the anteroventral portion of the sternopleuron and parts of the mesepimeron. 
Paratergite bare. 1-2 prealar and 3 lower sternopleural bristles present. 
Femora and tibiae and much of first hindtarsal white scaled below. Legs. 
Legs otherwise dark. Claws much as in @vanoides. Wing. Outstanding scales 
on upper surface narrow, broader on the veins of the upper fork cell, especially 
toward the tip. Upper calypter with 5-7 hairlike scales. Upper fork cell 1.5- 
2.0 length of its stem. Halter. Head dark with a conspicuous spot of white 
scales on under surface. Abdomen (Fig. 5). Tergites dark above with pale 
lateral patches, triangular on segments IJI-VII with the apices directed posteri- 
orly, in one specimen, but not the other, the bases of these triangles extend 
upward so as to be visible dorsally. Sternites entirely pale, including VIII. 
Terminalia, Not seen. 

MALE. Wing 3.2-3.4 mm. Antenna strongly plumose, a little more than 
half the length of the proboscis. Upper fork cell 1.6-1.8 length of its stem. 
Claws much as inavanoides (Fig. 3). Abdominal markings as in the ¢ but with 
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the lateral pale patches failing to reach the apex of tergites III-VII in the lecto- 
type and invisible from above in both specimens. Teyvminalia (of Thailand 
specimens) very much as figured for avanoides (Figs. 11, 12). IXth tergite 
with 3-5 spines on each lobe. 

EARLY STAGES. Unknown. 

TYPE-DATA. Hololectotype female and allolectotype male and 1 male 
and female paratype, on pins, Bombay Deccan, Nagargali, viii. 1921, P. J. 
Barraud, in B. M. Prof. Scanlon (ms. inM.E.P. files, Smithsonian Institu- 
tion) notes that there are a further 5 males and 3 females with the same data 
in the collection of the Zoological Survey of India, Calcutta. 

DISTRIBUTION. INDIA. Bombay Deccan. Nagargali (type-locality) ; 

20, 22. THAILAND. Chiengmai Prov., Doi Sutep; 5 slides of “ terminalia. 

TAXONOMIC DISCUSSION. Thurman (1959: 31) recorded a single collec- 
tion of 18 specimens which included typical avanoides and serratus and ''some 
intergrades"'. She felt it desirable ''to treat the form as a subspecies for the 
time being, assuming that N. Thailand is an area of overlap between the 
Malayan and Indian forms, but recognizing the possibility that T. a. serratus 
is only a color variant and later may be deemed a synonym of T. a. 
avanoides.'' The Indian form to which she refers is treated here as a distinct 
species, ceylonensis (p. 26). If the present form were to be accorded infra- 

specific status it would probably require to be named as of that species rather 
than avanoides. I have not seen any of Thurman's material other than male 
terminalia. All the specimens available to me are well preserved, well 
marked and strikingly distinct from avanoides and ceylonensis. For this 
reason and in the absence of early stages or recorded breeding places, the 
former likely to be more useful taxonomically than the adults, I prefer to 
treat it for the present as a distinct species. In my view all the members of 
the very interesting avanoides complex should be treated for the time being as 
of equal status pending fuller investigation in the field and laboratory. 

BIONOMICS. The original series appear to have been captured as adults. 
The Thailand specimens were netted as adults in damp jungle (Thurman 1959: 
31). 


5. TRIPTEROIDES (RACHIONOTOMYIA) TENAX (DE MEIJERE) 
(Figs. 18, 19) 


Ficalbia tenax De Meijere 1910: 928. 

Sheiromyia fusca of Daniels 1908a: 5 nec Leicester (lapsus for Skeiromyia 
fusca). 

Rachionotomyia aranoides (Theobald) of Edwards 1923: 2 and 1926: 116 
(partim), Edwards and Given 1928: 337, Dover 1928: 24 and Brug 1931: 15 
(partim). 

Tripteroides (Tripteroides) avanoides of Edwards 1932: 78 (partim). 

Tripteroides (Rachionotomyia) avanoides of Brug 1934: 149 and Lever 1950: 98. 

Tripteroides avanoides of Barraud 1934: 42 (partim), Causey 1937: 411, 
Colless 1957: 113, Macdonald 1957: 10 (bartim), Macdonald and Traub 
1960: 88 and Barr and Chellapah 1963: 185. 


FEMALE. Wing 2.2-3.4 mm. Head. Proboscis long and slender, 1.2- 
1.3 length of forefemur, 1.0-1.1 of abdomen. Palps about 0.14-0.17 of pro- 
boscis. Palps and proboscis entirely dark. Anterior portion of clypeus with 
numerous flat white scales. Tori with a few small white scales on inner sur- 
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face. Antenna about 0.5 length of proboscis. Occiput with flat, dark brown 
scales with bronzy reflection and a narrow border of white scales, with faint 
bluish reflection, round eyes expanding ventrolaterally. Some small dark up- 
right scales, with expanded tips on nape. 2-3 orbital bristles far out on either 
side. Thorax. Scutum thickly covered with broad, flat, brown scales with 
bronzy luster, tending to be narrower in the midline. A few moderately broad 
whitish scales on and to the sides of the anterior promontory. Broad scales 
above paratergite whitish to midbrown. No prescutellar bristles. A single 
very unequal pair of posterior dorsocentrals seen in one specimen. Scutellar 
scales entirely dark. Postnotum bare. Anterior pronotal lobes with whitish 
scales on anterior border, dark scales behind. Posterior pronotum entirely 
covered with broad pale scales, 1 small posterior pronotal or none, 2-4 
spiraculars. Subspiracular area, postspiracular area, all but the anteroven- 
tral part of the sternopleuron, most of the mesepimeron and the coxae white 
scaled. Paratergite bare. Two prealar and 2-3 lower sternopleural bristles 
present. Legs. Femora dark above, pale below to tip. Tibiae and some tar- 
sal segments usually paler below. Claws much as described for avanoides. 
Wing. Outstanding scales on upper surface narrow, linear, somewhat broader 
on Rg and R3, especially on the distal portion of these veins. Upper calypter 
with 2-6 hairlike scales. Upper fork cell 1.3-2.0 length of its stem. Halter. 
Head dark. Abdomen. Dark above with uniform lateral border of whitish 
scales, much as in avanoides (Fig. 1). Sternites entirely pale (VIII somewhat 
darkened in specimens from Gunong Benom). Terminalia, Postgenital plate 
as figured for aranoides (Fig. 6) but tending to be narrower and with the apex 
convex or at most very slightly excavated. IXth tergite with 2-5 bristles on 
either side. Insula with 3-5 stout peripheral bristles on each side and 3-4 
smaller ones in the posterior corners. 

MALE (Fig. 18). Wing 1.8-3.1 mm. Antenna strongly plumose, about half 
the length of the proboscis or a little more. Upper fork cell 1.3-1.4 the length 
of its stem. Claws very much as in avanoides (Fig. 3). Abdomen with uni- 
form lateral border of pale scales as inthe ¥. Terminalia (Fig. 18) much as 
in avanoides. Basal lobe of basistyle with 6-9 setae longer and stouter in 
varying degrees than the remainder. Paraproct with 2-3 large teeth, with or 
without 1-2 smaller ones. IXth tergite with 3-5 flattened spines on each lobe, 
the inner one somewhat broader than the others. 

PUPA (Fig. 18). Apparently indistinguishable from that of avanoides. 
Setae 1-4-C single or bifid, 5-C single to tetrafid, 6-8-C single or bifid, 9-C 
single, 10-C single to trifid, 11,12-C single or bifid; 1-I with 2-6 branches, 
2-I single, 3-I single or bifid, 4-I bifid to tetrafid, 5-I single 6-I single to 
tetrafid, 7,9-I single; 1-II single to tetrafid, 2,3-II single, 4-II bifid or trifid, 
D-II single to trifid, 6-II single, very variable, sometimes short and very 
delicate, at others long and strongly developed as in Fig. 18, 7-II single, 9-H, 
where present, single to trifid; 2, 3-III single, 4-III single to trifid, 5-III 
single or bifid, 6-III single to trifid, 7-III single or bifid, 8-III single to tri- 
fid, 9-III single, 10,11-III single or bifid; 1-IV single or bifid, 2-IV single, 
3-IV single to trifid, 4,5-IV single or bifid, 6-8-IV single to trifid, 9-IV 
single, 10,11-IV single or bifid; 1-V single to trifid, 2-V single, 3-V single 
or bifid, 4-V single to trifid, 5-V single, 6-8-V single to trifid, 9,10-V single, 
11-V single to trifid; 1-VI single to trifid, 2,3-VI single, 4-VI single or bifid, 
o-VI single, 6, 7-VI single or bifid, 8-VI single to pentafid, 9,10-VI single, 
11-VI single to trifid; 1-VII single or bifid, 2-4-VII single, 5-7-VII single or 
bifid, 8-VII single to trifid, 9-VII with 2-11 branches, 10-VII single, 11-VII 
single to trifid; 4-VIII single, 9-VIII with 8-22 branches. Paddles bluntly 
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pointed and spiculate at apex, varying in length from about 1.35 to 2.00 their 
greatest breadth. 

LARVA (Fig. 19). Very similar to that of avanoides, differing in details 
given in the key (and see below under Taxonomic Discussion). Head. Seta 
1-A as described for affinis; 1-C short, moderately stout, only slightly curved, 
4-6-C single, 7-C single to trifid, 11-C with 3-9 branches, 14-C with 2-5, 
15-C with 3-6. Mentum with 6-8 teeth on either side of the central tooth, 
usually 6-7. Thorax. Seta 0-P with 2-11 branches, 1-P with 3-19, 3-P with 
2-9, 4-P with 2-12, 7-P with 3-15, 8-P with 5-18, 9-P with 1-4, 13-P with 
0-29, 14-P with 4-29; 1-M with 3-21, 6-M shorter than 7-T, the tip blunt and 
minutely pectinate, 8-M with 2-10 branches, 9-M with 2-5, 13-M with 4-23, 
14-M with 3-24; 1-T with 2-14, 4-T and 5-T single or with up to 15 and 18 
branches respectively, 7-T simple, or, more often, with well developed basal 
arm, sometimes with both conditions in the same specimen, 8-T single or 
with up to 7 branches, 9-T with 2-7 branches, 13-T with 8-37. Abdomen. 
Seta 1-I with 5-14 branches, 2-I with 4-15, 5-I with 4-11, 6-I single to 
tetrafid, 7-I single or bifid, 9-I single to heptafid, 11-I with 5-14 branches, 
13-I with 8-19, 14-I with 2-10; 0-II single to nonafid, 1, 2-II with 4-15 branches, 
o-II with 5-11, 6-II single to pentafid, 7-II single or bifid, 9-II single to hepta- 
fid, 11-II with 5-13 branches, 13-II with 7-17, 14-II with 2-11; 0-III with 2-9 
branches, 1-III with 5-16, 2-III with 4-14, 5-III with 4-11, 6-III single to 
trifid, 9-III with 3-9 branches, 11-III with 4-12, 13-III with 7-17, 14-III with 
1-11; 0-IV with 3-14, 1-IV with 5-19, 2-IV with 4-17, 5-IV with 4-13, 6-IV 
single or bifid, 9-IV with 3-11 branches, 11-IV with 6-16, 13-IV with 6-19, 
14-IV single or with up to 11 branches; 0-V with 3-10 branches, 1-V with 6-19, 
2-V with 4-19, 5-V with 5-10, 6-V single or bifid, 9-V with 3-10 branches, 
11-V with 5-16, 13-V with 5-18, 14-V with 2-9; 0-VI with 3-11 branches, 1-VI 
with 5-20, 2-VI and 5-VI with 3-11, 6-VI single or bifid, 9-VI with 4-12 
branches, 11-VI with 4-16, 13-VI with 5-18, 14-VI single to hexafid; 0-VII 
with 2-11 branches, 1-VII with 2-20, 2-VII single or with up to 16 branches, 
0-VII with 2-10, 8-VII small and delicate, single to 9-branched, usually aris- 
ing more posteriorly than in avanoides, closer to setae 9 and 12, 9-VII with 
2-9 branches, 11-VII single or with up to 14, 13-VII with 3-15. Comb with 
0-10 large teeth with or without 1-5 small intercalary ones, all arising from 
a sclerotized plate or occasionally with 1-2 of the most ventral arising off the 
plate. The individual teeth vary considerably. Often, as in Fig. 19, the 2-3 
most dorsal are simple, strongly sclerotized, spines, the remainder being 
less strongly sclerotized, fringed scales. Often, however, more of the dorsal 
teeth are of the first type and there are correspondingly fewer scales. Less 
often even the most dorsal comb tooth is fringed. Seta 1-VIII with 3-17 
branches, 3-VIII single to pentafid, 5-VIII single or bifid, 14-VIII, where 
present, minute or very small, single to trifid. Saddle fringe consisting 
wholly or mainly of laterally fringed spines and apically fringed scales. Seta 
1-X single to trifid, 2-X bifid to pentafid, 4-X single to tetrafid. Anal papillae 
cylindrical, 1.4-3.1 length of saddle. Siphon 2.2-3.6 length of saddle. Pec- 
ten of 2-6 teeth on either side confined to the apical one-third to two-thirds of 
the siphon, individual teeth as in avanoides, sometimes broader. Seta 1-S 
bifid or trifid, la-S 3-6 in number on either side of midline, single to trifid, 
usually bifid, 2a-S 5-9 in all, single or bifid, rarely trifid, lateral setae, 
where present, 1-3, single or bifid. 

TYPE-DATA. Lectotype female, No. 54, onpin. JAVA: Tjibodas, 1909. 
Jensen. Allolectotype male, No. 27, on pin, with same data. Both in Univer- 
sity Zoological Museum, Amsterdam. 
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DISTRIBUTION. THAILAND. Ranong. Ban Phon Rang; 10%, 1192, 8 L, 
20 p, 1 1p; Muang Hat Som Paen; 1°, 5°, 3 p, 1 lp; Unnamed locality; 10°, 3%, 
1p, 7lp. WEST MALAYSIA. Johor. Kg Sg Tiram; 4 L; Kota Tinggi; 40, 219, 
7 L, 26lp. Melaka. Melaka; 7°, 79, 4lp. Negeri Sembilan. Seremban; 2°. 
Pahang. Cameron Highlands; 30, 32, 2 lp; Central Highlands; 8°, 7%, 4 L, 

5 lp; Fraser's Hill; 280, 289, 11 L, 47 lp. Mt. Brinchang; 19°, 3%. Gunong 
Benom; 19°, 102, 1 L, 6p, 9 lp; Kuantan; 34%, 52%, 3 L, 5p, 2 lp; Ulu Yam © 
(The Gap); 180°, 8°, 1p, 2lp. Pinang. Pinang. 2°, 2 lp. Selangor. K. 
Selangor; 40, 79, 3p, 4lp. SINGAPORE. Singapore I.; 179%, 238%, 87 L, 

47 p, 1841p; P. Blakang Mati; 200, 35°, 17 L, 10 p, 44 1p; P. Ubin; 1%, 1 lp. 
EAST MALAYSIA. Sabah. Kotakinabalu. 19. INDONESIA. Java. Gunong 
Karang; 1c’, 12; Gunung Salak; 19; Tjibodas (type-locality ); 30°, 49; Tjisaroea; 3c, 
22. Kalimantan; Tarakan; 3“, 12, 1 L; Pontianak; 1°; Sumatra; Balige; 1°; 
Dermajoe; 2%, 22; Fort de Kock; 1°; Sibolga; 12; Toba Meer; 7%, 34. VIET- 
NAM. Da Lat; Mang Ninh; 4%, 6°, 9 lp; Da Nang; Da Nang; 1°. 

Additional records from literature. THAILAND. Causey (1937: 411) has a 
record from "pitcher plants on the edge of the Twin Lakes"' which probably 
refers to the present species. I have not been able to identify this locality but 
it seems (fide Peyton) that Causey's collections during the month in question 
(iv. 1933) were made in the southern part of the Kra Isthmus, south of the 2 
localities near Ranong listed above which thus represent the northern Limits of 
this species as at present known. WEST MALAYSIA. Kelantan: Bukit Kedah, 
Perak. Gunong Jasar (Lever 1950: 98), Pahang: Bukit Mentig (Lever loc. 
cit.), Pekan (Daniels 1908b: 263). These records are all from pitcher plants 
and probably, therefore, attributable to the present species. Pahang/Kelantan: 
Gunong Tahan, Selangor: Kanching, Wardieburn Estate (Macdonald 1957: 10). 
No data as to breeding places are available and these records could refer either 
to the present species or to avanoides, EAST MALAYSIA. Sarawak. Records 
of 'aranoides" (Moulton 1915: 48, Macdonald et al. 1965: 337, 1967: 148) are 
similarly unattributable. INDONESIA. Java. Brug (1931: 16) has a record 
from pitchers of Nepenthes gymnamphora at Tjibeureum. SUMATRA. Brug 
(loc. cit.) has records from pitcher plants (including Rafflesia arnoldii) from 
Hoeta Gindjang, Padang, Samosir, Siborong-borong and Tjoeroep. All are 
probably attributable to this species, a conclusion supported by his figure of 
the larval comb. Brug and Edwards (1931: 257) have a record of 'avanoides"' 
from Kotta Tjane which could refer either to the present species or to 
avanoides, : 

TAXONOMIC DISCUSSION. The lectotypes designated here were chosen 
from 5 syntypes in the Amsterdam Museum, bred out from pitcher plants. 
Associated skins are no longer available, though it is possible they may yet 
be found among slides, labelled only with letters or numbers, left there by 
De Meijere (fide Dr. Van Leeuwen). I have not seen any early stages from 
Java, but have no reason to doubt that this species is conspecific with the 
member of the avanoides complex found in pitchers elsewhere in Indonesia and 
in Malaysia. Edwards (1926: 117) and Macdonald and Traub (1960: 88) have 
hinted at the possible occurrence in Singapore and West Malaysia of 2 distinct 
species confused under the name avanoides. The reference is to the bamboo 
breeding and pitcher plant breeding forms which usually differ strikingly in 
the degree of setal branching exhibited by the larvae. The extremes of varia- 
tion in individual setae overlap in all cases and no single seta appears to be 
diagnostic. The modal classes, however, are clearly very different in the 2 
cases and in my view they should be treated as distinct species at least until 
evidence to the contrary is produced. Environmental factors affecting the 
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hairiness of the larvae may play a part and this needs to be investigated in 
the laboratory (see under nepenthis, p. 40). Differences in the comb teeth 
and the teeth on the edge of the saddle are usually pronounced but here again 
the variability of avanoides leads to some intergrading. The only constant 
diagnostic character which I have been able to find is the smaller size, and 
usually more posterior situation of seta 8-VII. Where larvae are available 
this almost always allows the 2 species to be diagnosed with confidence. 

Distribution records in the previous section based only on adults are con- 
fined to cases where these are known to have been bred from pitcher plants. 
They should be treated as provisional but on present evidence the occurrence 
of avanoides in this type of breeding place is so infrequent that at least the 
majority are probably correct. For distinctionfrom Tr. (Trp.) plumosus 
see under avanoides (p. 26). 

BIONOMICS. All the specimens listed here were bred from pitcher plants 
(Nepenthes spp.) except for those from Da Lat which are labelled as from "H. 
b. t. flower" and a single isolate from Nipah palm in Singapore. Named spe- 
cies of pitcher plant include N. gracilis and vafflesiana in West Malaysia, 
these and N. ampullaria in Singapore and N, ampullaria in Kalimantan. 
Lever (1950: 98) has records from N, sanguinea in the Cameron Highlands. 
Edwards and Given (1928) found "Rachionotomyia aranoides"'to be by far the 
most abundant pitcher plant mosquito in Singapore. Colless (1957) lists 
"Tripteroides aranoides"' and Culex eminentia (Leicester ) as by far the com- 
monest, particularly near the coast, with the former recovered from 219 out 
of 222 pitchers examined on Blakang Mati island and the latter from 33. The 
reference is clearly to the present species which is the only one to be found in 
the very abundant material available to me from Singapore. No information 
is available as to adult bionomics. 


NEPENTHIS SUBGROUP 


Relationships between this subgroup and the Aranoides and Affinis sub- 
groups are somewhat obscure. On adult characters there is a close resem- 
blance to avanoides and its relatives and an equally marked difference from 
the brilliantly ornamented affinis and dofleini. Certain differences from the 
early stages of avanoides and its immediate relatives are shared in whole or 
in part with the Affinis Subgroup, notably the absence of spicules from the 
pupal paddle, suppression of the basal arm on seta 7-T of the larva (partial 
only in affinis and dofleini) and absence of larval comb plate (@ffinis only). 
However coonorensis is annectant to the Aranoides Subgroup in these respects 
(see p. 20) and it is here that I suspect the closest affinities of the present 
subgroup to lie. On the evidence of geographical distribution and ethology it 
might be thought of as a Malaysian offshoot of a more northerly bamboo breed- 
ing stock comparable to other independent plant pitcher breeding offshoots in 
Sri Lanka (dofleini) and Malaya and Indonesia (tenax) but this is highly specu- 
lative. The unbranched seta 1-C of the pupa is a unique feature unknown else- 
where either in Rachionotomyia or Polylepidomyia and found in only 2 of the 
known species of Tripteroides s. str. (See key on p. 14). 
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6. TRIPTEROIDES (RACHIONOTOMYIA) NEPENTHIS (EDWARDS) 
(Pies. 3; 5, 9,410, 20,221) 


Rachionotomyia nepenthis Edwards 1915: 285. 

Rachionotomyia nepenthis of Moulton 1915: 48 and Edwards 1922: 444, 1923: 2; . 
Edwards and Given 1928: 387 and Dover 1928: 24 (as nepenthes). 

Tripteroides (Tripteroides) nepenthis of Edwards 1932: 78, Brug and Bonne- 
Wepster 1947: 183, Stone et al. 1959: 69 and Knight and Stone 1977: 324. 

Tripteroides nepenthis of Barraud 1934: 42, Macdonald 1957: 10, Macdonald 
and Traub 1960: 89 and Mattingly 1975:179 (part). 

?Tripteroides nepenthis of Barr and Chellapah 1963: 184. 


FEMALE (Figs. 5, 9, 10). Wing 2.7-3.1 mm. Head. Proboscis long 
and slender but somewhat less so than in avanoides, 1.1-1.2 length of fore- 
femur, 1.0-1.2 length of abdomen. Palps about 0.12-0.13 of proboscis. 
Palps and proboscis entirely dark. Clypeus and tori bare. Antenna a little 
more than 0.6 length of proboscis. Occiput with broad, flat, dark scales with 
bronzy reflection, a narrow, relatively inconspicuous border of dull whitish 
scales around eye margins, broadening ventrolaterally. Upright scales on ver- 
tex tending to be broader than in nepenthisimilis, yellowish to pale brown in 
color. 3-4 orbital bristles present far out on either side. Thorax. Scutum 
with dark bronzy scales, narrower and directed posteriorly in midline, broad 
and directed obliquely outwards at sides. Some narrow, whitish scales on 
anterior promontory. 1-2 prescutellar bristles, or none, on either side. 
Scutellum dark scaled on all lobes. Postnotum bare. Anterior pronotal lobes 
dark scaled with some relatively inconspicuous pale scales on anterior border. 
Posterior pronotum entirely covered with broad, mid-to dark brown scales. 
One posterior pronotal bristle or none, 1-2 spiraculars. Subspiracular and 
hypostygial areas, upper and posteroventral portions of sternopleuron and most 
of mesepimeron with snow white scales. Paratergite bare; postspiracular 
area almost so. 1-2 prealar and 3-4 lower sternopleural bristles present and 
a delicate upper mesepimeral tuft. No lower mesepimeral. Legs. Femora 
and tibiae pale below to tip. Tarsi pale below in part. Fore- and midclaws 
simple, unequal, the smaller more strongly curved. Hindclaws minute, sub- 
equal, simple, curved only at tip. Wing (Fig. 10). Outstanding scales on 
upper wing field narrow, broader towards tips of Ro and Rg. Alula with nar- 
row fringe scales only. Upper calypter with 4-5 hairlike scales. Upper fork 
cell 1.7-2.1 length of its stem. Halter. Stem pale, head dark. Abdomen 
(Fig. 5). Tergites dark above with pale lateral border tending to extend in- 
ward slightly at the apex of some segments. Sternites pale. Terminalia 
(Fig. 9). IXth tergite with 2-4 bristles on either side, insula with 3-4 peri- 
pheral bristles on either side and 2-3 in the posterior corners. 

MALE (Figs. 3, 20). Wing 2.6-2.9 mm. Antenna strongly plumose, 
between 0.60 and 0.67 of the length of the proboscis. Upper fork cell 1.3-2.0 
the length of its stem. Claws as figured (Fig. 3). Foreclaws very unequal, 
the larger toothed, midclaws unequal, simple, hindclaws unequal, simple, 
curved only at tip. Terminalia (Fig. 20). Basal lobe of basistyle with 4-6 
bristles longer and stouter than the remainder, paraproct with 3 well formed 
teeth at tip, IXth tergite with 6-8 stout spines on each lobe, the lobes long and 
relatively closely approximated. 

PUPA (Fig. 20). Trumpet relatively long and narrow, about 4.7-6.0 as 
long as its breadth at half way. Seta 1-C very long, stout, single; 1-I well 
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developed; 1-II with,4-6 branches, 6-II long, single, 1.4-2.6 length of the fol- 
lowing segment (bifid and shorter on one side of one specimen); 1-III with 2-6 
branches; 1-IV and 1-V with 2-4, 5-IV and 9-V about 1.5-2.95 length of the fol- 
lowing segment; 1-VI single to trifid, 5-VI 0.8-1.7 length of the following seg- 
ment, one or other of these 3 setae very occasionally double on one side; 9-VII 
with 3-9 branches; 9-VIII with 7-12. Paddles 1.4-1.8 as long as their great- 
est breadth, without spicules at apex. 

LARVA (Fig. 21). Head. Palatal hairs relatively slender, much as in 
avanoides. Seta 1-A minute, subapical; 1-C short, moderately stout, often 
directed inward as in Fig. 23, 4-6-C single, 7-C single to tetrafid, 11-C and 
14-C with 3-8 branches, 15-C with 8-12. Mentum with 6-7 teeth on either 
side of the central tooth. Thovax. Seta 0-P with 11-19 branches, 1-P with 
23-35, 3-P with 4-8, 4-P with 2-6, 7-P with 17-25, 8-P with 12-21, 9-P 
single, 11-P with 2-4 branches, 13-P with 20-32, 14-P with 24-34; 1-M with 
26-48, 6-M 1.1-1.5 length of 7-T, 8-M with 10-15 branches, 9-M with 2-3, 
13-M with 17-31, 14-M with 20-38; 1-T with 22-46, 4-T with 12-29, 5-T with 
19-48, 7-T without basal arm, 8-T with 5-19, 9-T with 2-4, 13-T with 19-45. 
Abdomen. Seta 1-I with 16-32 branches, 2-I with 15-26, 5-I with 13-25, 6-I 
with 2, 7-I single, 9-I with 3-5 branches, 11-I with 14-26, 13-I with 21-40, 
14-I where seen minute, single; 0-II with 6-15 branches, 1-II with 18-36, 2-II 
with 17-26, 5-II with 12-21, 6-II and 7-II single, 9-II with 4-7 branches, 11-II 
with 13-25, 13-II with 23-43, 14-II as on I; 0-III with 7-17 branches, 1-III with 
18-31, 2-III with 16-26, 5-III with 10-15, 9-III with 4-10, 11-III with 14-26, 
13-III with 18-40, 14-III as on I; 0-IV with 7-19 branches, 1-IV with 17-32, 
2-IV with 16-29, 5-IV with 8-16, 6-IV single, 9-IV with 5-12 branches, 11-IV 
with 16-26, 13-IV with 19-37, 14-IV as on I, 0-V with 11-24 branches; 1-V 
with 24-41, 2-V with 15-28, 5-V with 3-8, 6-V single, 9-V with 5-15 branches, 
11-V with 19-28, 13-V with 19-37, 14-V as on I; 0-VI with 14-25 branches, 
1-VI with 21-44, 2-VI with 17-31, 5-VI with 3-5, 6-VI single, 9-VI with 12-17 
branches, 11-VI with 18-29, 13-VI with 18-38, 14-VI as on I; 0-VII with 15-31 
branches, 1-VII with 25-39, 2-VII with 14-30, 5-VII with 2-6, 8-VII with 6-15, 
9-VII with 7-13, 11-VII with 17-31, 13-VII with 19-33. Comb with 12-20 teeth 
ranging from stout, simple spines dorsally to slender fringed scales ventrally, 
as illustrated. Comb plate absent. Seta 1-VIII with 19-42 branches, 3-VIII 
with 2-4, 5-VIII with 2-3, 14-VIII minute or absent. Saddle fringed with a few 
moderately long, slender spines, one or more usually with delicate ventral 
fringe, with or without some small spicules in addition. Seta 1-X single, 2-X 
single or double, 4-X with 7-15 branches. Anal papillae slender, 1.9-3.2 
length of saddle. Siphon 3.2-3.7 length of saddle. Pecten with 5-7 teeth on 
either side of the midline, distributed over most of the length of the siphon. 
Individual teeth as figured. Seta 1-S paired, single to pentafid, la-S 10-11 
and 2a-S 8-13 in all, bifid or trifid in both cases. Lateral setae absent. 

TYPE-DATA. Holotype male on pin with terminalia on slip, in B. M. 
EAST MALAYSIA. Sarawak. Juching. J. Hewitt, 2 paratype males, 2 para- 
type females on pins with same data. Allin B. M. 

DISTRIBUTION. WEST MALAYSIA. Johor; Kota Tinggi; 1%, 19, 3 L, 
2lp. Kuantan. 14th mile, Pekan Road; 9°, 10%, 16 lp. Selangor; Batang 
Berjuntai (K. Selangor); 31°, 40°, 5 L, 6p, 24 lp; Bt Cheeding; 20", 12, 2 lp. 
SINGAPORE. Singapore I. Macritchie Reservoir; 1°, 2 L, 1p, 1 lp; Nee 
Soon Rifle Range; 50°, 42, 3 L, 3 lp; Thompson Rd Reservoir; 12; Unnamed 
locality; 1°, 19, 3 L, 3lp. EAST MALAYSIA. Sarawak; Kuching (type- 
locality); 80, 29. 

Records from literature. The description by Edwards (1926: 117) of the 
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larvae of Rachionotomyia nepenthis, sent from Singapore by Given, as having 
"Main hair tufts of thorax each with about 35... branches", together with 
other details, shows clearly that it was the present species which he had before 
him. Subsequent records (Edwards and Given 1928: 337; Edwards 1932: 78; 
Barraud 1934: 42; Brug and Bonne-Wepster 1947: 183; Stone, Knight and 
Starcke 1959: 69; Knight and Stone 1977: 324) were all based on the type-series 
and on Given's larvae. From such of their material as I have seen, it also 
appears that the record by Macdonald and Traub (1960: 89) also refers to this 
species. The reference by Barr and Chellapah (1963: 184) to 'T. nepenthis 
(Edwards) and a related species" in Singapore is evidently to the present spe- 
cies and nepenthisimilis (p. 42). 

TAXONOMIC DISCUSSION. In his type description Edwards (1915: 285) 
describes the hindtarsus of the male as having "'a single minute claw''. In spite 
of this, all 3 males remaining from the 4 seen by him have this claw double. 
None had the tarsus removed and there is no trace of any preparation made 
from the fourth specimen. The claws are very small, nearly straight and only 
narrowly divergent. It is easy to see, therefore, how Edwards may have been 
misled. Later workers have used this as a diagnostic character and some con- 
fusion has resulted. It was probably responsible in part for suggestions as to 
the occurrence of a second, related species (Macdonald and Traub 1960: 189; 
Barr and Chellapah 1963: 184). An additional reason, however, has clearly 
been the occurrence of 2 forms of larva, relatively hairy and non-hairy respec- 
tively. Ina preliminary study (Mattingly 1975: 179) I noted that the statistical 
distribution of branch numbers of some metathoracic setae is consistent with 
the operation of an environmental factor similar to that invoked by Barr (1958: 
102) to account for differences in comb spine number in Aedes fitchii (Felt and 
Young). A comparable factor was invoked by Rosen and Rozeboom (1954: 529) 
to account for variations in hairiness in the Aedes scutellavis complex and the 
existence and general nature of this factor was demonstrated by Colless (1956: 
229) in Aedes albopictus (Skuse) in Singapore. Mouthbrush dimorphism has 
also been shown to be induced by a similar factor in the larval environment 
(McGregor (1963: 325)) and has been detected in a number of culicine genera 
(Mattingly 1969a: 53). Further study of the present species and nepenthisimilis 
has revealed the existence of other marked discontinuities in setal branch num- 
bers (see key on p. 20) as well as in a small but apparently reliable adult char- 
acter. Ihave therefore felt it desirable to treat these discontinuities, at least 
provisionally, as genetically fixed and to cite the 2 forms as distinct species. 
This does not, of course, exclude the possibility of an environmental factor 
operating within these species as also in the avanoides and possibly the 
microcala/nepenthicola complexes (p. 24, 63). The genetics of setal branch 
number also remain largely unexplored and interesting epigenetic factors may 
be involved (Wood and Dalingwater 1975: 555; Wood 1976: 33). The subject is 
one of considerable taxonomic importance which could, if neglected, detract 
from otherwise valuable work (Wolff and Nielsen 1977: 176). 

BIONOMICS. All available records are from pitcher plants. These where 
named are invariably Nepenthes ampullaria. Barr and Chellapah (1963: 184) 
have a record of ''T. nepenthis" from N. rafflesiana, but this may refer either 
to the present species or to nepenthisimilis. One isolate from Kota Tinggi 
includes larvae of avanoides and tenax as well as of nepenthis, but involved 
more than one different plant. Another, from Batang Berjuntai also includes 
avanoides, apparently from the same plant. T. nepenthisimilis occurs alone 
in 3 isolates and nepenthis in 5 small isolates from Malaya. In the remaining 
11 isolates from Singapore and Malaya the 2 occur together. 
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7. TRIPTEROIDES (RACHIONOTOMYIA) NEPENTHISIMILIS NEW SPECIES 
(Figs: 22, 29) 


Tripteroides nepenthis of Mattingly 1975: 179 (part). 


FEMALE (Fig. 22). Wing 2.8-3.2 mm. Head. Proboscis slender, 1.2- 
1.3 length of forefemur, 1.1-1.2 of abdomen. Falps about 0.11-0.13 of pro- 
boscis. Palps and proboscis entirely dark, clypeus and tori bare. Antenna 
slightly more than half length of proboscis. Occiput with broad, flat dark 
brown scales with bronzy reflection and a narrow, indistinct border of whitish 
scales around eye margins, only slightly expanded ventrolaterally. Numerous 
dark upright scales with expanded tip on nape. 3-4 orbital bristles well out to 
either side. Thorax. Scutum with mid-to dark brown spindle-shaped scales, 
narrow and directed posteriorly in midline, broader and directed outward at 
sides. A few narrow, whitish scales on anterior promontory. 1-2 prescutelar 
bristles present on either side. Scutellum with dark scales on all lobes. 
Postnotum bare. Scales on anterior pronotal lobes dark, those on anterior 
border slightly paler. Posterior pronotum entirely covered with broad mid- 
brown scales. A single well developed posterior pronotal bristle present, 2-3 
spiraculars. Subspiracular and hypostygial areas, upper and postero-ventral 
portions of sternopleuron and most of mesepimeron with broad, flat, snow 
white scales. Paratergite bare; postspiracular area almost so. 2-3 prealar 
and 4-6 lower sternopleural bristles present. Legs. Femora and tibiae pale 
below to tip. Tarsi also extensively pale below. All claws simple, fore- and 
midclaws unequal, the smaller more strongly curved, hindclaws subequal, 
both almost straight. Wing. Outstanding scales on upper wing field narrow, 
linear, broader on distal portions of Rg and R3. Upper calypter with 3-6 hair- 
like scales. Upper fork cell 1.9-2.1 length of its stem. Haltev. Head dark. 
Abdomen, Much as in nepenthis (Fig. 5). Tergites dark above with a pale 
lateral border which tends to extend inward slightly at the apex of some seg- 
ments. Sternites pale. Terminalia (Fig. 22). As in nepenthis, IXth tergite 
with 2-3 bristles on either side, insula with 2-3 peripheral bristles on either 
side and 2-3 in each posterior corner in the specimens examined. 

MALE. Wing 2.3-3.0 mm. Antenna strongly plumose, about two-thirds 
of the length of the proboscis. Upper fork cell 1.5-2.0 length of its stem. 
Claws as figured for nepenthis (Fig. 3). Foreclaws very unequal, the larger 
toothed, midclaws very unequal, simple, hindclaws minute, unequal, curved 
only at tip. Terminalia. As figured for nepenthis (Fig. 20). Basal lobe of 
basistyle with 5-6 setae longer and stouter than the remainder. Paraprocts 
with 3 well formed teeth at tip. IXth tergite with 6 stout spines on each lobe, 
the lobes relatively long and closely approximated. 

PUPA (Fig. 22). Much as in nepenthis but with, integument markedly paler. 
Trumpet shorter, about 3.2-4.4 as long as its breadth at middle, usually less 
than 4.0. Seta 1-II single to trifid, 6-IJ always short, 0.4-1.0 length of the 
following segment; 1-III-VI bifid or trifid; 5-IV 0.8-1.5, 5-V 1.0-1.6 and 
o-VI 0.8-1.6 length of the following segment; 9-VII with 4-10 branches; 9-VIII 
with 7-17. Paddles 1.3-1.6 length of their greatest breadth with apices devoid 
of spicules. 

LARVA (Fig. 23). Head. Palatal hairs relatively slender, much as in 
avanoides. Seta 1-A as figured; 1-C moderately stout, often directed inward 
as in the figure. Setae 4-6-C single, 7-C single or double, 11-C with 3-8 
branches, 11-C with 2-4, 15-C with 3-5, mentum with 8 teeth on either side 
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of the central tooth. Thorax. Seta 0-P with 7-13 branches, 1-P with 12-26, 
3-P with 4-7, 4-P single, 7-P with 12-22 branches, 8-P with 12-23, 9-P 
single, 11-P with 2-6 branches, 13-P with 11-20, 14-P with 11-22; 1-M with 
10-23 branches, 6-M about 0.4-0.8 length of 7-T, 8-M with 5-12 branches, 
9-M with 2-4, 13-M with 10-27, 14-M with 7-17; 1-T with 9-22, 4-T with 3-7, 
5-T with 9-24, 7-T simple, without basal arm, 8-T with 4-13 branches, 9-T 
with 2-4, 13-T with 8-23. Abdomen. Seta 1-I single to heptafid, 2-I with 8-17 
branches, 5-I with 7-11, 6-I with 2-3, 7,9-I single or bifid, 11-I with 7-10 
branches, 13-I with 10-27, 14-I minute, where seen single; 0-II, where present, 
minute and single to moderately developed with up to 7 branches, 1-II with 6-14 
branches, 2-II with 10-18, 5-II with 6-10, 6-II single or bifid, 7-II single or 
bifid, 9-II with 2-4 branches, 11-II with 5-11, 13-II with 9-25, 14-II as on]; 
O-III with 4-9 branches, 1-III with 7-15, 2-III with 6-13, 5-III with 4-9, 6-III 
single, 9-III with 4-5 branches, 11-III with 6-13, 13-III with 8-17, 14-III as on 
I; O-IV with 5-15 branches, 1-IV with 6-15, 2-IV with 5-12, 5-IV with 4-11, 
6-IV single, 9-IV with 3-7 branches, 11-IV with 6-14, 13-IV with 9-15, 14-IV 
as on I; 0-V with 7-16 branches, 1-V with 8-23, 2-V with 6-13, 5-V with 4-7, 
6-V single, 9-V with 4-8 branches, 11,13-V with 7-15, 14-V as on I; 0-VI with 
9-14 branches, 1-VI with 12-25, 2-VI with 6-13, 5-VI with 3-5, 6-VI single, 
9-VI with 4-7 branches, 11-VI with 6-12, 13-VI with 3-12, 14-VI as on]; 0-VII 
with 6-13 branches, 1-VII with 14-35, 2-VII with 7-18, 5-VII with 3-6, 8-VII 
with 6-11, 9-VII with 4-5, 11-VII with 3-5, 13-VII with 3-7. Comb with 9-17 
slender spines and, more ventrally, fringed scales as figured, no comb plate. 
Seta 1-VIII with 7-10 branches, 3-VIII with 2-3, 5-VIII single, 14-VIII minute 
or absent. Saddle fringed with a few slender spines and small spicules. Setae 
1,2-X single, 4-X with 2-6 branches. Anal papillae narrow to moderately 
broad, lanceolate, 2.0-3.3 length of saddle. Siphon 3.1-3.6 length of saddle. 
Pecten with 4-6 teeth on either side of the midline, confined to basal half of 
siphon. Individual teeth as figured. Seta 1-S paired, single or bifid, la-S 6-12 
in number, bifid or trifid, 2a-S 7-11 in number with 2-4 branches. Lateral 
setae absent. 

TYPE-DATA. Holotype female with terminalia on slide, No. 403-13, 
U.S.N.M. type no. 76707, allotype male, No. 403-24, both with associated 
skins on slides, in U.S.N.M. 

DISTRIBUTION. WEST MALAYSIA. Johor; Kota Tinggi; 2%, 2%, 2 lp. 
Selangor; Batang Berjuntai (K. Selangor) (type-locality); 550°, 567, 19 L, 8p, 
35 lp. SINGAPORE. Singapore I.; Macritchie Reservoir; 1°, 1¥, 1 L, 1 lp; 
Nee Soon Rifle Range; 1%, 52, 3 L, 5 lp; Unnamed locality; 1c’. KALIMAN- 
TANy “Tarakan; 50:32; 4 Ip; 

Records from literature. Previous records, other than that by Barr and 
Chellapah (1963), all appear to refer to nepenthis (see p. 40). 

TAXONOMIC DISCUSSION. The present species was treated provisionally 
as a non-hairy larval form of nepenthis in a preliminary study (Mattingly 1975: 
179). The most striking larval difference from that species is still the very 
small seta 4-T. However, further investigation has revealed large discontinui- 
ties in branch numbers of other setae, notably 1-I and -II, 9-,11- and 13-VI, 
11- and 13-VII and 1-VIIIl. It seems, therefore, that the 2 are in fact distinct 
species and I am confirmed in this view by the difference in the pupal trumpet 
(see p. 18). Separation of adults from those of nepenthis may not always be 
possible. The upright scales on the vertex are usually distinctive (see p. 38) 
but some intergrading occurs. The possible role of environmental factors in 
relation to larval branch numbers in these species and others in the present 
genus is discussed under nepenthis (p. 40). 
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BIONOMICS. Allavailable records arefrom pitcher plants which, where 
named, are invariably Nepenthes ampullaria. BarrandChellapah (1963: 184) 
record "T, nepenthis "from N. vafflesiana but it is not known whether this record 
refers to the present species ortonepenthis. For larval synecology see under 
nepenthis (p. 40). 


AFFINIS SUBGROUP 


The 2 species included inthis subgroup differ from all other members of the 
Aranoides Group inthe brilliant blue ornamentation of the occiput and the silvery 
scalesonthepleura. Inviewof this striking ornamentation they might be thought to 
merit treatment asa species group rather thansubgroup. They are retained here 
at subgroup level inorder to emphasize the distinctive characters of the Edwardsi 
Group which in my view merit treatment atahigher level. When their unknown 
sexes and early stages are discovered the members of the Edwardsi Group are likely 
to be transferred toa separate subgenus or subgenera. Shouldthis happen then in 
my view the present subgroup should be upgraded to species group level. Atthe 
same time it should be noted that the 2 species concerned differ markedly inthe early 
stages despite their resemblance in adult ornamentation with dofleini resembling 
aranoides inthe possession of acomb plate andaffinis resembling coonorensis inits 
absence. Asalready indicated (p. 2) the true relationship between the ornamented 
and unornamented Tripteroides remains obscure. Further understanding must de- 
pend ona detailed study of the ornamented subgenus Tripteroides s. str. but this is 
beyond the scope of the present paper. 


8. TRIPTEROIDES (RACHIONOTOMYIA) AFFINIS (EDWARDS) 
(Figs. 4, 7, 10. 24 25) 


Phoniomyia caeruleocephala of Theobald 1910a: 577 nec Leicester 1908. 
Rachionotomyia affinis Edwards 1913: 241 (nom. nov. for caeruleocephala 
Theobald). 
Tripteroides (Tripteroides) affinis of Edwards 1932: 78, Thurman 1959: 31 
and Harrison et al. 1974: 148. 
Tripteroides affinis of Barraud 1934: 44 and Carter and Wijesundara 1948: 136. 


FEMALE (Figs. 4, 7, 10). Wing 2.5-3.0 mm. Head. Proboscis very 
slender, 1.3-1.5 length of forefemur, 1.1-1.2 of abdomen. Palps 0.12-0.13 
of proboscis. Palps and proboscis dark. Clypeus bare or with a few small 
pale scales anteriorly. Tori with a few small, dark scales on inner surface. 
Antenna about 0.5 length of proboscis. Occiput with silvery scales anteriorly, 
dark scales behind, the former with deep blue reflection, white scales ventro- 
laterally, small, black upright scales with expanded tips on nape. 3-4 orbital 
bristles well out on either side. Thovax. Scutum densely covered with moder- 
ately broad dark brown scales with dull bronzy luster, narrower in midline, a 
few narrower whitish scales on anterior border. Prescutellar bristles absent. 
Scutellum with broad, flat, dull brown scales. Postnotum bare. Anterior 
pronotal lobes with flat dark brown scales and some broad, flat, whitish scales 
on outer anterior corners. Posterior pronotum with small, flat brown scales, 
1 posterior pronotal bristle, 1-3 spiraculars. Bright metallic silvery scales 
on subspiracular area, all but the anteroventral portion of the sternopleuron, 
the whole mesepimeron and the coxae. Paratergite with broad, dark scales. 
1-4 prealar bristles present and 2 lower sternopleurals. Legs. Femora dark 
above, pale below almost to tip. Foreclaws moderately curved, one slightly 
larger than the other. Midclaws subequal. One hindclaw larger and less 
strongly curved than the other. Wing (Fig. 10). Outstanding scales on upper 
surface narrow, linear, somewhat broader towards tips of Ro and Rg. Upper 
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surface narrow, linear, somewhat broader towards tips of Ro and Rg. Upper 
calypter with 4-7 hairlike scales. Upper fork cell 1.3-1.7 length of its stem. 
Halter. Head entirely dark. Abdomen(Fig. 4). Dark above with a continu- 
ous, more or less uniform, lateral border of pale yellow scales. Venter 
entirely pale yellow, except for sternite VIII which is dark. Terminalia (Fig. 
7). Apex of postgenital plate without indentation. IXth tergite with 6 small 
bristles in each of 3 specimens examined. Insula with 6-8 stout peripheral 
setae on either side and 2-4 smaller ones in each posterior corner. 

MALE (Fig. 24). Wing 2.1-2.6 mm. Antenna strongly plumose, about 
half the length of the proboscis or a little more. Upper fork cell 1.1-1. 5) 
length of its stem. Foreclaws, one large and toothed, the other about two- 
thirds as long and simple. Midclaws similar except that both are simple. 
Hindclaws minute, curved, equal, simple. All claws much as in avanoides. 
Abdomen. With continuous pale lateral border as in the $. Terminalia (Fig. 
24). Dististyle strongly curved when seen in lateral view, with small subter- 
minal claw at apex and numerous minute setulae on distal half. Basal lobe of 
basistyle with 6-7 stout setae. Paraproct with 2 large, conspicuous teeth and 
1-2 smaller ones. Lateral plate of phallosome with a spiculate sternal lobe 
and with minute spicules also on apical prolongation. Lobes of [xXth tergite 
narrow, elongated, widely separated at base, each with 3-6 flattened spines at 
apex, the inner one broader and darker than the remainder. 

PUPA (Fig. 24). Trumpets short, dark, appearing cylindrical in some 
aspects, conical in others. Seta 1-C very long and double, 2-C with 2-4 
branches, 3-C single to trifid, 4-C with 2-4 branches, 5-C with 2-95, 6-C 
single, 7-C single or double, 8-C with 3-6 branches, 9-C single, 10-C with 
3-5 branches, 11-C single, 12-C single or double; 2,3-I single, 4-I with 2-6 
branches, 5-I single to tetrafid, 6-I single to trifid, 7, 9-I single or bifid; 1-II 
with 4-10 branches, 2-II single or bifid, 3-II single, 4-II with 2-6 branches, 
5-II with 2-4, 6-II single, longer than the following segment, 7-II single to 
trifid, 8-IIl, where present, single or bifid, 9-II single, 10, 11-II single or 
bifid; 1-III single to pentafid, 2,3-III single, 4-III with 2-4 branches, o-III 
slender, delicate, single to tetrafid, single and about two-fifths the length of 
the following segment in one specimen, much shorter in all others as in Fig. 
24, always much shorter than 3-III, 6-III single or bifid, 7-III single to tetra- 
fid, 8-III single to trifid, 9-III single, 10, 11-III single or bifid; 1-IV single to 
tetrafid, 2-IV single, 3-IV single to tetrafid, rarely arising mediad of 5-IV, 
4-IV with 2-4 branches, 5,6-IV single to trifid, 7, 8-IV with 2-3 branches, 
9-IV single, 10-IV single to trifid, 11-IV single, 1-V single to trifid, 2-V 
single, 3-V single or double, 4-V with 2-4 branches, 5-V usually single, 
occasionally double, 6-V single to trifid, 7,8-V with 2-4 branches, 9-V single, 
10-V single or double, 11-V single; 1-VI single to tetrafid, 2-VI single, 3, 4-VI 
single to trifid, 5-VI as 5-V, 6-VI single or bifid, 7-VI single to trifid, 8-VI 
with 2-6 branches, 9-VI single, 10-VI single or double, 11-VI single; 1-VIl 
single to trifid, 2-VII single, 3-VII single, rarely less than two-thirds of the 
length of the following segment, usually longer, 4-VII single or bifid, 5-VII 
single to tetrafid, 6-VII with 2-4 branches, 7-VII single to trifid, 8-VII with 
3-5 branches, 9-VII with 8-14 branches, length of or longer than segment VIII, 
10, 11-VII single to trifid; 4-VIII single, 9-VII with 12-19 branches. Paddles 
flattened or bluntly pointed at apex, entirely devoid of spicules, variable in 
length, from about 1.2 to 1.8 as long as their greatest breadth. 

LARVA (Fig. 25). Head. Seta 1-A arising near tip of antenna, single or 
double, usually single; 1-C short and stout, strongly curved, often bent inwards 
through about 90 degrees, though not always so strongly as in the figure. Seta 
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4-C single to trifid, 5-C single to pentafid, 6-C single to trifid, 7-C with 2-8 
branches, 11-C with 6-17, 14-C with 3-16, 15-C with 3-15. Mentum with 7-10 
teeth on either side of the central tooth. Thorax. Seta 0-P with 8-25 branches, 
1-P with 11-24, 3-P with 5-19, 4-P with 7-20, 7-P with 10-20, 8-P with 12- 
30, 9-P with 3-5, 13-P with 12-42, 14-P with 19-35; 1-M with 12-33, 6-M 
single, usually pectinate at tip as in Fig. 25, 8-M with 8-36, 9-M with 90-11, 
13-M with 11-29, 14-M with 9-34; 1-T with 10-33, 4-T with 6-26, 5-T with 
10-30, 7-T usually with a basal arm, occasionally simple, both arms usually 
pectinate, or excavated, at tip, 1.2-2.3 length of 6-M, usually about 1.5, 

8-T with 6-21 branches, 9-T with 5-9, 13-T with 11-32. Abdomen. Seta 1-I 
with 9-26 branches, 2-I with 8-23, 5-I with 8-19, 6-I with 2-4, 7-I single or 
bifid, 9-I with 2-10 branches, 11-I with 7-22, 13-I with 14-29, 14-I with 5-19; 
O-II with 5-18, 1-II with 10-29, 2-II with 9-23, 5-II with 10-23, 6-II with 2-3, 
7-II single or bifid, 9-II with 3-12 branches, 11-II with 9-20, 13-II with 10-31, 
14-II with 6-18; O-III with 5-19, 1-III with 11-28, 2-III with 8-23, 5-III with 
10-21, 6-III bifid, 9-III with 5-14 branches, 11-III with 10-23, 13-III with 10- 
30, 14-III with 5-14; 0-IV with 8-23, 1-IV with 12-32, 2-IV with 9-23, 5-IV 
with 10-30, 6-IV bifid, 9-IV with 7-20 branches, 11-IV with 9-28, 13-IV with 
11-29, 14-IV with 8-15; 0-V with 7-23, 1-V with 13-34, 2-V with 9-24, 5-V 
with 10-29, 6-V bifid, 9-V with 8-20 branches, 11-V with 9-24, 13-V with 
10-29, 14-V with 6-16; 0-VI with 10-23, 1-VI with 12-32, 2-VI with 11-25, 
5-VI with 12-21, 6-VI single or bifid, 9-VI with 8-25 branches, 11-VI with 
8-23, 13-VI with 11-30, 14-VI with 6-15; O-VII with 9-23, 1-VII with 11-29, 
2-VII with 8-25, 5-VII with 11-31, 8-VII with 6-25, 9-VII with 6-18, 11-VII 
with 6-32. Comb often as in Fig. 25 with up to 25 narrow teeth, the more dor- 
sal sharp pointed spines, the more ventral fringed scales, but sometimes much 
reduced with ventral scales few or none and dorsal spines thickened with ex- 
panded bases and sometimes separated by small intercalary spines. Seta 1- 
VIII with 14-39 branches, 3-VIII with 4-15, 5-VIII with 4-21, 14-VIII usually 
well developed, as in Fig. 25, but occasionally minute, with 2-23 branches. 
Saddle edge with well developed, slender spines, varying in length with the 
sclerotization of the general integument but always conspicuous. Seta 1-X 
single to pentafid, 2-X with 3-7 branches, 4-X with 2-6. Anal papillae cylin- 
drical, 1.3-2.9 length of the saddle. Siphon 2.6-3.4 length of saddle. Pecten 
with 2-5 slender teeth on either side of the midline, fringed ventrally from 
base to apex, varying in arrangement but always confined to the apical two- 
thirds of the siphon and in some strongly sclerotized larvae, with long siphon, 
confined to the tip. Seta 1-S with 3-5 branches, setae la-S 4-7 in number on 
either side of midline with 2-3, rarely 4, branches 2a-S 2-10 in number ina 
double or irregular single line with 2-5 branches (one or two occasionally 
single). Between setae la-S and 2a-S are 1-6 lateral setae on either side, 
each single to pentafid. 

TYPE-DATA. Holotype female on pin with wing on slide. SRI LANKA: 
Hakgala, iii.1907. E.G. Green. Allotype male on pin with same data. Both 
in B. M. 

DISTRIBUTION. INDIA. Bombay Deccan: Belgaum; 29, 1 lp; Nilgiri 
Hills: 19; Tamil Nadu: Yercaud, Shevaroy Hills, 4500; 19. SRI LANKA. 
Central Province: Nuwara Eliya District, Hakgala (type-locality); 1°, 19; 
Badulla; 1 L; Kandy District, Kandy; 2°, 2°; Peradeniya; 80, 15¢, 11 p, 10 
lp; Uda Wattekele Forest; 11°, 102, 1 L, 9p, 10 1p; Matale District, Matale; 
1%, 1 lp; Imbulpitiya; 3°, 1°, 7 L, 1 1p; Southern Province: Galle District, 
Sinharaja Forest, Kanneliya; 7°, 7°, 10 L, 4p, 10 lp; Kottawa; 1c’, 1p; 
Sabavagamuwa Province; Ratnapura District, Veddagala, Sinharaja Forest 
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Reserve;1°, 42, 4L, lp, 8lp; Western Province: Kalumara District, Morapitiya, 
Sinharaja; 1p;Colombo District, Kalatuwawa; 1°, 3L, 1p. THAILAND. Chiang 
Mai: DoiSutep;1°¢. 

Additional records from the literature: INDIA. Coorg: SantiKappa (Barraud, 
1929a: 1060). SRI LANKA. Rakwara(=? Rakwana, Sabaragamuwa Province, Bar- 
raud oo 45). THAILAND. Chiang Mai: Chiang Mai; Farng District (Thurman, 
1959: 32). 

TAXONOMIC DISCUSSION. As with some other larvae of the Aranoides 
Group variation in numbers of setal branches is very extensive. It appears, 
however, to be continuous and correlates only partially with the other very 
variable character, namely the number and appearance of the comb teeth. At 
one extreme the comb has up to 25 slender, closely packed teeth, the more 
ventral of which are delicately fringed all round. At the other extreme it is 
reduced to as few as 5 coarse spines with or without one or two small spinules 
in the gaps between them. Between these extremes a variety of conditions are 
exhibited rendering the variation virtually continuous. It is not clear how far 
this variation is genetic and how far it is influenced by the larval environment. 
I suspect that the latter plays a considerable part but this requires further in- 
vestigation in the field. As indicated in the keys (p. 18,19) the pupa is only 
partially separable from that of nepenthisimilis and the larva from that of 
coonorensis, A useful partial character for separation from the latter is how- 
ever available in the well developed seta 14-VIII of many @/ffinis larvae. This 
may also permit separation from some of the various larvae of Tripteroides 
s. str. which at present appear inseparable. These need more detailed study 
than is within the scope of the present study. 

BIONOMICS. Immatures have been collected from tree holes, stump 
holes, root holes and log holes, bamboo stumps and internodes and rock holes, 
sometimes in association with ceylonensis. The water contents are described 
as colored in all cases in which a description is given. Nothing is known as to 
vertebrate hosts. 


9. TRIPTEROIDES (RACHIONOTOMYIA) DOFLEINI (GUNTHER) 
(Figss4, 8, 26; 27) 


Ficalbia dofleini Gunther 1913: 204 and 259. 
Tripteroides dofleini (Gunther) of Barraud 1934: 45 and Carter and Wijesundara 
1948: 135. 


FEMALE (Figs. 4, 8). Wing 2.4-3.3 mm. Head. Proboscis slender, 1.3 
length of forefemur, 1.1-1.2 of abdomen. Palps 0.12-0.14 of proboscis. 
Palps 0.12-0.14 of proboscis. Palps and proboscis entirely dark. Clypeus 
and tori bare. Antenna about 0.5-0.6 length of proboscis. Occiput covered 
with broad, flat, dark scales with brilliant blue metallic reflection. Small 
patches of broad, flat, white scales below at sides. Numerous conspicuous 
black, upright scales, with expanded tips, on nape. 2-3 orbital bristles well 
out on either side. Thorax. Scutum covered with dense, moderately broad, 
dark brown scales with bronzy reflection. No pale scales on anterior border. 
A single small prescutellar bristle seen in one specimen. Scutellum with 
broad, flat, dark brown scales on all lobes. Postnotum bare. Anterior prono- 
tal lobes with small, flat, dark brown scales, no pale scales. Posterior pro- 
notum covered with small, flat, pale brown scales, 1 posterior pronotal bristle 
present and 2-3 spiraculars. Subspiracular area, mesepimeron and all but the 
anteroventral portion of the sternopleuron covered with broad, flat scales, 
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silvery white in color but less brilliantly so than in affinis. Paratergite with 
broad, dark scales. 2-4 prealar bristles present. 1-5 conspicuous lower 
sternopleural bristles, usually 3, and in one specimen a single upper sterno- 
pleural. Legs. Femora pale below to tip. Claws very much as in @ffinis. 
Wing. Outstanding scales on upper surface narrow, ligulate, somewhat 
broader toward tips of R2 and Rg, much as inaffinis or slightly broader. 
Upper calypter with 5-8 hairlike scales. Upper fork cell 1.7-1.9 length of its 
stem. Halter. Head entirely dark. Abdomen (Fig. 4). Tergites dark above 
with broad basal lateral yellowish patches, the latter more or less solid on 
segment I or I and II, emarginated basally on segments IIJI-VII or II-VII. 
Sternites pale yellowish except for the VIIIth which is dark. Terminalia (Fig. 
8). Postgenital plate somewhat more attenuated towards apex than in a@/ffinis, 
the apex rounded or with shallow emargination as in the figure. IXth tergite 
with 4-6 bristles on either side. Insula much as ina/ffinis with 6-7 peripheral 
setae on either side and 2-5 smaller ones in the posterolateral corners. 

MALE (Fig. 26). Wing 2.1-2.8 mm. Antenna strongly plumose, between 
0.5 and 0.6 length of proboscis. Upper fork cell 1.4-1.9 length of its stem. 
Claws very much as inaffinis (p. 44). Abdomen. Tending to have the pale 
border of the abdomen even more deeply interrupted at the bases of the pos- 
terior tergites than inthe 2. Terminalia (Fig. 26). Closely resembling those 
of affinis, differing as follows: basal lobe of basistyle with 6-8 stout bristles 
which are, in part somewhat longer; lobes of [Xth tergite more closely approxi- 
mated, especially toward base, with 5-6 spines on each, the innermost spine 
differing only slightly from the others. 

PUPA (Fig. 26). Resembles that of affinis but with a tendency to reduction 
in branch numbers of the smaller setae. Differs markedly in the much more 
strongly developed seta 5-III. Setae 2,4-C and 4-II single or double; 5-III long 
and stout, single to trifid, normally longer than 3-III, usually much longer; 
3-IV usually arising mediad of 5-IV as in the figure, 6-IV and 7-IV single in 
all specimens examined; 7-V single or double; 9-VIII considerably longer than 
paddle. Paddles blunt tipped, about 1.4-1.9 as long as their greatest breadth, 
usually 1.6-1.7, their apex devoid of spicules. 

LARVA (Fig. 27). Head. Seta 1-C short, moderately stout, not strongly 
curved but in some cases directed inward toward midline, 4-6-C single, 7-C 
bifid or trifid, 11-C with 4-7 branches, 14-C with 2-4, 15-C with 3-6. Men- 
tum with 6-7 teeth on either side of the central tooth. Thorax. Seta 0-P 
feebly developed with 2-5 branches, 1-P with 4-10, 3-P with 1-5, usually bifid 
or trifid, 4-P with 2-4, 7-P with 2-8, 8-P with 3-8, 9-P with 2-3, 

13-P with 9-17, 14-P with 7-13; 1-M with 4-7, 6-M normally 

simple, occasionally toothed at base, with apex blunt (more so than is usual 
in affinis) and pectinate at tip, 8-M very small with 2-6 branches, 9-M with 
2-4, 13-M with 4-9, 14-M with 4-13; 1-T with 5-9, 4-T with 3-7, 5-T with 
3-9, very variable in size, usually very small, of the same order of size as 
8-M in the figure, occasionally much larger, as figured, 7-T usually with well 
developed basal arm, occasionally simple, the larger arm blunt tipped though 
generally less conspicuously so than 6-M, and from about the same length as 
6-M to almost 2.0 its length, 8-T bifid to tetrafid, usually minute or very 
small, occasionally about half the length of 7-T though with the branches still 
slender, 9-T with 2-3 branches, 13-T with 7-17. Abdomen. Seta 1-I with 
0-12 branches, 2-I with 4-7, 5-I with 4-12, 6-I single or double, usually 
double, 7-I single, 9-I with 2-4, 11-I with 5-9, 13-I with 6-13; 14-I-VI rarely 
seen, present as a small 3-branched seta on segment I of one specimen, as a 
larger seta with 4-5 branches on segment II of the same specimen and as a 
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moderately developed seta with 5 branches on one side of segment I of one other 
specimen, otherwise apparently absent; seta 0-II with 3-5 branches, 1-II with 
4-9, 2-II with 3-6, 5-II with 4-10, 6-II single or bifid, 7-II single, 9-II with 
2-3 branches, 11-II with 5-10, 13-II with 5-12; 0-[II with 3-5, 1-III with 4-9, 
2-III with 4-8, 5-III with 4-7, 6-III single or bifid, 9-III with 2-3 branches, 
11-III with 6-11, 13-III with 5-12; 0-IV with 3-5, 1-IV with 3-11, 2-IV with 
3-9, 5-IV with 3-7, 6-IV single or bifid, 9-IV with 3-4 branches, 11-IV with 
7-10, 13-IV with 5-11; 0-V with 3-5, 1-V with 4-11, 2-V with 4-7, 5-V with 
3-7, 6-V single or bifid, 9-V with 3-5 branches, 11-V with 5-10, 13-V with 
4-11; 0-VI with 2-5, 1-VI with 4-6, 2-VI with 3-6, 5-VI with 4-6, 6-VI single 
or bifid, 9-VI with 3-4 branches, 11-VI with 5-10, 13-VI with 5-11; 0-VII with 
3-6, 1-VII with 3-7, 2-VII with 3-5, 5-VII with 2-7, 8-VII minute with 2-3, 
9-VII with 2-5, 11-VII with 3-7, 13-VII with 4-8. Comb arising from a lightly 
sclerotized comb plate and comprising 4-8 stout spines, simple or delicately 
fringed at base, mostly curved when seen in lateral view, usually in 2-3 groups 
with the spines in the dorsal group stouter and more widely separated from one 
another than the others. Seta 1-VIII with 4-9 branches, 3-VIII single, 5-VIII 
single or bifid, 14-VIII absent. Saddle edge with a few minute spicules only. 
Seta 1-X single, 2-X bifid or trifid, 4-X single or bifid, at least 3.5 length of 
saddle. Anal papillae cylindrical, 2.0-4.0 length of the saddle. Siphon about 
2.5-2.9 length of saddle. Pecten with 2-6 slender teeth with delicate fringe, on 
either side of the midline, confined to the apical two-thirds or less of the 
siphon. Seta 1-S single or bifid, la-S 2-4 in number on either side of the mid- 
line, 2a-S 4-8 in number, in an irregular double row. Between these are 1-3 
lateral setae on either side. All of these setae single or double. 

TYPE-DATA. From correspondence with Prof. Dr. H.-J. Elster of the 
University of Freiburg-im-Breisgau and Dr. P. Logler of the Museum fur 
Naturkunde in that city I have satisfied myself that the whole of Gunther's 
material was destroyed during the Second World War. Article 75(a) of the 
International Code of Zoological Nomenclature (Stoll et al. 1964) stipulates, 

''A neotype is to be designated . . . only in exceptional circumstances. . . 
whennecessary inthe interests of stability of nomenclature". Inmy viewno 

such circumstances exist in the present case. I have therefore refrained from 
designating a neotype. 

DISTRIBUTION. SRI LANKA. Southern Province: Galle District, Sinharaja 
Forest, Kanneliya, 640%, 429, 56 L, 57p, 46 lp; Udugama (type-locality): 7°, 
32. Western Province: Kalumara District, Morapitiya, 2%, 12, 3 lp; Colombo 
District, Kalatuwawa; 4%, 12, 11 L, 3p, 2 lp. 

Additional records from the literature: SRI LANKA. Southern Province: 
Galle District, Yakalamulla (Carter and Wijesundara 1948: 137); Western Pro- 
vince: Palawatte (Carter and Wijesundara 1948: 135). 

TAXONOMIC DISCUSSION. Gitinther's very long description of the larva is 
more of anatomical than of taxonomic interest. However, his figures of the 
head and terminal segments appear to leave no doubt that this is the species 
which he had before him. Confirmation comes from the fact that his material 
was collected from Nepenthes pitchers. So far as is known neither of the other 
species of Tripteroides occurring in Sri Lanka has been recovered from these. 
Despite the resemblance to Tp. affinis (and to the more strikingly ornamented 
section of the genus) in the possession of bright blue head scales the larval 
characters suggest a closer relation to the avanoides complex. From all mem- 
bers of this complex, however, with the exception of tenax, as also from affinis 
and coonorensis, it differs in the great reduction in setal branching, the ranges 
of branch numbers of some setae being apparently discontinuous while for many 
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it is very nearly so. 

BIONOMICS. The specimens from Kanneliya, Udugama, Kalatawawa, 
Yakalamulla and Pelawatte all came from pitcher plants which are clearly the 
preferred breeding place. Those from Morapitiya came from a yellow bamboo 
stump (with Aedes albopictus and Culex sp.) and a coconut shell (with Ae. 
albopictus), 


EDWARDSI GROUP 


The species placed for convenience in the present group are too imperfect- 
ly known for their taxonomic treatment to be other than highly provisional. 
One (edwardsi) is known only from the adult female, the other (rozeboom1) 
only from the adult male. They agree with one another and with the other spe- 
cies placed in Rachionotomyia well enough to be assigned provisionally to that 
subgenus on the basis of their general ornamentation. At the same time, how- 
ever, they differ in some striking features, notably the insula of edwardsi 
(Fig. 8), the dististyle and [Xth tergite of vozeboomi and the scutal.and scutel- 
lar ornamentation of both. The dististyle of rozeboomi recalls that of some 
Tripteroides s. str. (monetifer, Baisas and Ubaldo-Pagayon 1953, Fig. 2.1, 
plumosus, Brug 1931: 18), as does the phallosome, but neither species shows 
any resemblance to that subgenus in ornamentation. The insula of edwardsi is 
unique, so far as I have been able to ascertain, in the genus. Either or both 
may require a new subgenus when better known. 


10. TRIPTEROIDES (RACHIONOTOMYIA) EDWARDSI (BARRAUD) 
(Pigg (2) 4): 57118) 


Heizmannia edwardsi Barraud 1929b: 264. 
Tripteroides (Tripteroides) edwardsi Barraud of Edwards 1932: 78. 


FEMALE (Figs. 2, 3, 5, 8). Wing 3.6-3.9 mm. Head (Fig. 2). Probos- 
cis relatively short and stout, slightly swollen toward apex, 1.1 length of fore- 
femur, 0.85 of abdomen. Palps unusually long, almost or quite one-third of the 
length of the proboscis. Proboscis and palps entirely dark. Clypeus bare. 
Tori with small, flat, dark scales on inner face. Antenna about 0.8 length of 
proboscis. Occiput with broad, flat, dark scales with red and green iride- 
scence, border of snow-white scales around eye margins and ventrolaterally, 
extending well onto dorsal surface at sides. Dark upright scales on nape. Two 
stout orbital bristles and a smaller one well out to either side. Thorax (Fig. 
3). Scutum with broad dark scales with subdued red, green and gold iridescent 
reflection and with a lateral border of broad, flat, snow-white scales from 
shoulders to posterior margin and similar scales on either side of the anterior 
promontory. Prescutellar bristles absent. Scutellum with broad, flat, dark 
scales on midlobe, broad, flat, snow-white scales on lateral lobes. Postno- 
tum with a tuft of dark bristles. Anterior pronotal lobes and posterior prono- 
tum densely covered with broad white scales. One posterior pronotal bristle 
or none, 2-3 minute spiraculars, 2 very small lower sternopleurals and 1-2 
minute prealars. Lower anterior portion of sternopleuron bare, remainder 
of pleuron and paratergite densely covered with broad, white scales. Legs. 
Fore- and midfemora pale below to tip. Hindfemur similar but dark at 
extreme tip. Claws much as in @ffinis. Wing. Outstanding scales on upper 
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surface narrow, a little broader than in affinis. Upper calypter with about 20 
hairlike scales. Upper fork cell 1.8-2.1 length of its stem. Halter. Head 
entirely dark. Abdomen (Fig. 5) dark above. Tergites with irregular lateral 
white patches incomplete, as figured, in the type but less so in the only other 
available specimen. Venter entirely white except for sternite VIII which is 
dark. Terminalia (Fig. 8). Postgenital plate narrowing markedly toward 
apex and with relatively deep apical emargination. IXth tergite with 3 long, 
stout bristles on one side, 4 on the other. Insula with numerous peripheral 
setae in a double row and with 5-6 in each posterior corner. 

MALE, PUPA and LARVA unknown. 

TYPE-DATA. Cotype female, now marked by myself as hololectotype, on 
pin. INDIA: Yellapur, 6.x.1921. P. J. Barraud, in B. M. Barraud (1929b, 
1934) mentions a second cotype female in the former Malaria Survey of India 
collection in Masauli. I have not seen this. 

DISTRIBUTION. INDIA. North Kanara District, Yellapur (type-locality); 
12; Mysore State: Shimoga District, Sorab Taluk, Hosur; 1°. 

TAXONOMIC DISCUSSION. Barraud describes the dark scales on the ver- 
tex as ''grey'' and the scales on the scutal disc as "very dark brownish-grey”. 
This is roughly the appearance under diffuse light but under indirect illumina- 
tion the iridescence is quite conspicuous, providing a further interesting link 
with genus Heizmannia Ludlow. The spiracular bristles are very small and 
difficult to detect among the dense pleural scaling but they are undoubtedly 
present in both specimens so that the assignment to the Sabethini can be made 
with confidence. Other features, including the female terminalia, are fully 
consistent with inclusion in the present genus. 

BIONOMICS. Barraud (1929b) states that of the 2 cotype females one was 
"caught in forest on the 6th" and the other "bred from larva found in hollow 
bamboo". It would appear from the date that the former is the lectotype. No 
information is available regarding the Shimoga specimen. 


11. TRIPTEROIDES (RACHIONOTOMYIA) ROZEBOOMI 
BAISAS AND UBALDO-PAGAYON. 
(Figs. 3, 6, 28) 


Tripteroides (Tripteroides) rozeboomi Baisas and Ubaldo-Pagayon 1953: 109. 


FEMALE. Unknown. 

MALE (Figs. 3, 6, 28). Head. Antenna moderately plumose, about 0.95- 
0.6 length of proboscis. Proboscis slender, about 1.3-1.5 length of forefe- 
mur. Palps about 0.12-0.14 length of proboscis. Palps and proboscis entire- 
ly dark. Clypeus bare. Tori with a few minute dark scales on inner surface. 
Occiput with whitish scales with subdued blue reflection covering all but the 
central portion, dark scales forming a discrete patch surrounded by pale 
scales except on nape. Upright scales on nape mid-brown. Two orbital 
bristles present well out on either side. Thorax. Scutum badly rubbed in all 
specimens. Anterior and lateral margins with broad white scales forming a 
(? continuous) border. Remaining scales moderately narrow with subdued red, 
blue and gold iridescence, narrower and golden anterolaterally. Prescutellar 
bristles absent. Midlobe of scutellum rubbed, apparently dark scaled; lateral 
lobes with large white scales. Postnotum bare. Anterior pronotal lobes 
densely covered with broad white scales. Posterior pronotum with broad white 
scales. No posterior pronotal bristle seen. One small spiracular bristle 
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present. Pleuron almost entirely covered with large, broad, flat white 
scales except for the anteroventral portion of the sternopleuron. Three small 
prealar bristles and 6-7 well developed lower sternopleural bristles present 
in holotype, not clearly seen in other specimens. Legs, Femora pale below; 
legs otherwise dark. Claws as figured (Fig. 3), all simple except for the 
larger foretarsal claw which has a small tooth toward tip. Wing. Outstand- 
ing scales on upper surface narrow, Somewhat broader on distal portions of 
R2 and Rg. Upper calypter with 4-6 hairlike scales. Halter, Head dark. 
Abdomen (Fig. 6). Tergites with whitish lateral border extending inward to 
form apicolateral triangular patches on segments III-VI, the apices of the 
triangles extending inward to form a more or less complete apical band on VI 
and an incomplete one on V. Tergites VII and VIII dark in the type, missing 
in the other specimens. Sternites white scaled except for the VIIIth which is 
dark. Terminalia (Fig. 28). Only those of the holotype (previously undis- 
sected) are any longer available. Dististyle short and stout with very numer- 
ous long, flexible hairs on the distal two-thirds. Basal lobe of basistyle with 
> setae distinctly thicker than the remainder. Paraproct relatively slender 
with 3-4 teeth at apex. Phallosome as figured. (The lateral view is taken 
from Baisas and Ubaldo-Pagayon 1953, Pl. I, Fig. 33). I[Xth tergite with 
lateral lobes broad, shallow, closely apposed, each with 16 stout apical 
bristles (14-16 according to Baisas and Ubaldo-Pagayon). 

EARLY STAGES. Unknown. 

TYPE-DATA. Holotype male, No. 2064.6, on pin, with terminalia on 
slide, in U.S.N.M. 

DISTRIBUTION. PHILIPPINES. Mindanao; Zamboanga Prov., Pason- 
anca, Zamboanga City (type-locality); holotype and 2 paratype °C. Two 
further paratypes with identical data, included by Baisas and Ubaldo-Pagayon 
in their description, are believed lost. 

TAXONOMIC DISCUSSION. See above under subgenera. 

BIONOMICS. The type-series is described as "caught wild at side of 
ravine in dense jungle". No further information is available. 


UNGROUPED SPECIES 


The 2 species whose descriptions follow are known only from the larval 
stage and cannot therefore be assigned with confidence to the appropriate sub- 
genus. Although placed provisionally in Rachionotomyia they show sufficient 
resemblance to certain Philippines Tvipteroides s. str. to suggest that they 
may prove to belong to that subgenus when adult characters become available. 


12. TRIPTEROIDES (?RACHIONOTOMYIA) Species No. 1 
(Fig. 29) 


FEMALE, MALE, PUPA. Unknown. 

LARVA (Fig. 29). Head. Mouthbrushes with inner setae pectinate. 
Palatal hairs slender, numerous, much as in avanoides. Seta 1-C moderate- 
ly stout and curved, directed inward as in the figure. Seta 1-A single, other 
setae single except as follows: 7-C with 2-3 branches, 8-C single to trifid, 
9-C with 2-3 branches, 11-C with 5-9, 14-C with 3-6, 15-C with 5-7. Men- 
tum with 10-12 teeth on either side of the central tooth. Thorax. Seta 0-P 
with 11-17 branches, 1-P with 16-24, 3-P with 5-8, 4-P with 5-12, 7-P with 
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7-10, 8-P with 11-19, 9-P single to trifid, 11-P bifid or trifid, 13-P with 
16-19 branches, 14-P with 14-24; 1-M with 13-24, 8-M with 10-18, 9-M with 
2-4, 13-M with 14-17, 14-M with 13-20; 1-T with 11-18, 4-T with 12-16, 5-T 
with 11-18, 7-T with strongly developed basal arm and in one case a smaller 
arm in addition, 8-T with 8-11 branches, 9-T single to tetrafid, 13-T with 
10-13. Abdomen. Seta 1-I with 8-12 branches, 2-I with 11-15, 5-I with 9-13, 
6-I with 2, 9-I with 5-8, 11-I with 10-14, 13-I with 11-20, 14-I with 5-7; 

O-II with 5-8, 1-II with 10-12, 2-II with 10-15, 5-II with 9-13, 6-II with 2, 
9-II with 5-8, 11-II with 8-12, 13-II with 12-17, 14-II with 5-7; 0-III with 6-8, 
1-III with 11-12, 2-III with 9-15, 5-III with 8-11, 6-III single or bifid, 9-III 
with 5-7 branches, 11-III with 10-14, 13-III with 9-17, 14-III and 0-IV with 
6-7; 1-IV with 10-13, 2-IV with 10-15, 5-IV with 5-9, 6-IV single or bifid, 
9-IV with 5-8 branches, 11-IV with 8-10, 13-IV with 12-14, 14-IV with 6-7; 
0-V with 5-8, 1,2-V with 11-14, 5-V with 8-9, 6-V single or bifid, 9-V with 
7-10 branches, 11-V with 9-11, 13-V with 11-13, 14-V with 6; 0-VI with 6-11, 
1-VI with 10-15, 2-VI with 11-12, 5-VI with 7-11, 8-VI with 3,9-VI 
with6-8, 11-VI with 7-10, 13-VI with 7-11, 14-VI with 6-9; O-VII with 
7-9, 1-VII with 10-19, 2-VII with 10-15, 5-VII with 12-14, 6-VII single or 
bifid, 8-VII with 5-8 branches, 9-VII with 6-9, 11-VII with 9, 13-VII with 6-9. 
Comb with 9-11 teeth. Individual teeth as figured, the longest at least two- 
thirds of the length of the saddle. Seta 1-VIII with 16-21 branches, 3-VIII with 
3-6, 5-VIII with 3-4. Saddle edge with 4-5 long, slender spines on either side 
and a number of smaller spinules. Seta 2-X with 3-4 branches, 4-X with 2-3, 
at most slightly longer than saddle. Other setae on segment X single. Seta 
3-X about 6.0-7.0 length of saddle. Anal papillae about 2.0 length of saddle. 
Siphon 3.0-3.1 length of saddle. Pecten with 6-10 teeth on either side. Indi- 
vidual teeth as figured. Seta 1-S single, paired, la-S long and single, 5-8 in 
number ina single line, 2a-S single, one or two occasionally bifid, 7-8 in all 
in 2 rows. 0-2 lateral setae present, resembling 2a-S. 

DISTRIBUTION. EAST MALAYSIA. Sabah. Gunong Kinabalu; 4 L; 
Gunong Terus Madi; 3 L. : 

TAXONOMIC DISCUSSION. I have placed this species provisionally in 
Rachionotomyia because it does not resemble, in the larval stage, any of the 
species of Tripteroides s. str. known from East or West Malaysia or Indo- 
nesia but does show some resemblance to the atypical larvae of affinis men- 
tioned on p. 45. On the other hand it bears a distinct resemblance to larvae 
of 2 Philippines species (dyavi Bohart and Farner, simulatus Baisas and 
Ubaldo-Pagayon) belonging to the nominotypical subgenus. It differs from 
these in that neither of them has comb teeth longer than about two-thirds of the 
length of the saddle, at least in specimens seen by me, while both have setae 
2a-S and the lateral setae on the siphon much reduced, but it could well belong 
to the same subgenus. The larvae from Mt. Terus Madi are immature and 
have been excluded from the above description though agreeing well, as far 
as can be seen, with the present species. 

BIONOMICS. The larvae from Mt. Kinabalu were collected from pitcher 
plants at 8,000-9,000 ft. The plants are described as forming ''a zone of v. 
large pot-bellied pitchers with fluted (spiky) rims, (? vajah)"". Those from 
_ Mt. Terus Madi were collected from undescribed pitcher plants at about 8, 900 
ft. Iam grateful to Dr. Donald Colless for this very interesting material. 
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13. TRIPTEROIDES (RACHIONOTOMYIA) Species No. 2 
(Fig. 30) 


FEMALE, MALE, PUPA. Unknown. 

LARVA (Fig. 30). Head. Mouthbrushes with inner setae stout, lightly 
pectinate. Palatal setae slender, numerous. Seta 1-A slender, single; 1-C 
moderately stout, not strongly curved, directed inward, 7-C single to trifid, 
9-C with 2, 11-C with 2-5, 14-C single to trifid, 15-C bifid to pentafid, other 
setae single. Mentum with 9-11 teeth on either side of the central tooth. 
Thovax. Seta 0-P with 5-13 branches, 1-P with 6-15, 3-P with 3-5, 4-P 
with 4-9, 7-P with 5-10, 8-P with 9-12, 9-P with 2-3, 11-P single to trifid, 
13-P with 12-18 branches, 14-P with 12-21; 1-M with 3-6, 8-M with 4-11, 
9-M with 4-5, 13-M with 7-13, 14-M with 5-12; 1-T with 4-9, 4-T with 4-12, 
o-T with 9-11, 7-T with 1-3 basal arms, 8-T with 3-4 branches, 9-T with 
4-8, 13-T with 9-11. Abdomen. Seta 1-I with 9-14 branches, 2-I with 10-14, 
o-I with 8-10, 6-I with 2-3, 9-I with 2-5, 11-I with 8-12, 13-I with 12-18, 
14-I with 6-10; 0-II with 3-7, 1,2-II with 9-11, 5-II with 7-11, 6-II with 2, 
9-II with 4-8, 11-I. with 8-11, 13-II with 11-14, 14-II with 7; 0-III with 4-8, 
1-III with 8-11, 2-III with 8-10, 5-III with 8-9, 6-III with 2, 9-III with 4-8, 
11-II with 9-11, 13-III with 12-13, 14-III with 6-11; 0-IV with 6-9, 1-IV with 
10-15, 2-IV with 7-11, 5-IV with 6-9, 6-IV with 2, 9-IV with 4-8, 11-IV with 
with 8-15, 13-IV with 11-13, 14-IV with 7-8; 0-V with 6-9, 1-V with 10-14, 
2-V with 0-11, 5-V with 6-9, 6-V single or double, 9-V with 4-9 branches, 
11-V with 8-11, 13-V with 11-12, 14-V and 0-VI with 6-7; 1-VI with 9-11, 
2-VI with 6-11, 5-VI with 7-8, 8-VI with 3-4, 9-VI with 7, 11-VI with 7-9, 
13-VI with 8-10, 14-VI with 5-7; 0-VII with 5-9, 1-VII with 5-11, 2-VII with 
2-9, O-VII with 5-7, 6-VII single, 8-VII bifid, 9,11-VII with 5-8 branches, 
13-VII with 4-9. Comb with 8-13 teeth as figured, much as in the preceding 
species but with the teeth shorter, the longest at most two-thirds of the length 
of the saddle. Seta 1-VIII with 8-12 branches, 3, 5-VII single or bifid. 

Saddle edge with 2-4 simple spines on either side and some smaller spinules. 
Seta 2-X with 2-4 branches, other setae on segment X single, 3-X about 7.0- 
8.0 and 4-X about 4.5-6.0 length of saddle respectively. Anal papillae 2.1- 
2.7 length of saddle, broad or moderately broad. Siphon 2.3-2.5 length of 
saddle. Pecten with 4-8 teeth on either side of the midline, the individual 
teeth as figured, much as in the preceding species but tending to be smaller. 
Seta 1-S paired, single, la-S single, 4-6 ina single line, 2a-S 6-10 in 2 rows, 
single or the distal pair split into 2-3 at tip. No lateral setae. 

DISTRIBUTION. EAST MALAYSIA. Sabah. Gunong Kinabalu: 3 L, 
Gunong Terus Madi: 4 L. 

TAXONOMIC DISCUSSION. This larva differs from the preceding one in 
being, in general, less hairy with minimal overlap in branch numbers of some 
cephalic and thoracic setae, notably 11-C, 14-C, 15-C, 1-P, 3-P, 13-M, 
14-M, 4-T and 5-T and wide discontinuity in 1-M and 8-T. There is also 
some discontinuity among the abdominal setae. In my view this would justify 
their being treated provisionally as distinct species and I am confirmed in 
this opinion by the very striking difference in seta 4-X (Fig. 29, 30). The 
material from Terus Madi also includes some early instar larvae (and one 
more mature but incomplete) resembling the present species in the very long 
seta 4-X but with this seta trifid to hexafid and with the comb teeth shorter, 
at most one-third of the length of the saddle. These may be earlier stages of 
the present species or they may represent a third new species. The material 
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is in very poor condition and does not warrant a fuller description. 
BIONOMICS. As for Species no. 1 except that the present species is not 
included among material from 9,000 ft. on Kinabalu. 


SUBGENUS TRICHOLEPTOMYIA DYAR AND SHANNON 


Tricholeptomyia Dyar and Shannon 1925: 72. Type-species Wyeomyia 
nepenthicola Banks. 


FEMALE. Palps about 0.08-0.15 length of proboscis; occiput with broad, 
flat, dark scales and a narrow pale border to eyes, sometimes some pale 
scales in midline or on nape; 1-2 orbital setae present, usually 2. Scutal 
scales mostly narrow or very narrow (moderately broad in apoensis), dorso- 
central bristles present or absent, prescutellars always present, postnotals 
present (except in bDarvaudi); pleural scales and lateral pale scales on abdo- 
minal tergites white or whitish, never silvery, subspiracular scales present 
(? always). Femora with anterior surface entirely dark, tibiae and some tar- 
sal segments often paler below. Hindclaws unpaired. Outstanding scales on 
upper surface of wing narrow or very narrow, somewhat broader in some 
cases toward tips of Ro and Rg. 

FEMALE TERMINALIA. Apex of postgenital plate always emarginate, 
sometimes deeply so. Insula with 3-10 peripheral bristles and at most 3 in 
the posterolateral corners, often none. Spermatheca always trilobed. 

MALE. Palps as infemale. Hindclaws unpaired. 

MALE TERMINALIA. Small, sometimes retracted but often exposed. 
Dististyle relatively stout, clubbed apically, lateral plate of phallosome with- 
out sternal lobe. Setae on IXth tergite pointed, relatively long and slender, 
never spinelike (except in christophersi Baisas and Ubaldo-Pagayon). 

PUPA. Seta 1-C short or very short, 1-I poorly developed, often single, 
except in delpilari, other principal abdominal setae various, short and slender © 
in some species, longer or stouter in others, 9-VII and -VIII small in apoensis 
Baisas and Ubaldo-Pagayon and barraudi, well developed in other species. 
Dorsal sensillum present on segments III-V. Paddles always spiculate, often 
quite heavily so. 

LARVA. Maxilla without enlarged apical spines; maxillary suture inappar- 
ent; setae 6-M and 7-T short, stout, spinose (except in delpilari and nepenthi- 
cola which have 6-M relatively long and slender. Seta 14-I-VI minute. Setae 
8-M and 8-T small, often minute, absent or not seen. Lateral seta on siphon 
minute, delicate but always present, usually branched, wholly unlike setae 
2a-S. 

DISTRIBUTION. Known only from Philippines. 

BIONOMICS. Breeding places almost exclusively pitcher plants, a single 
record from a log hole and one from a rock hole. Adults not known to bite 
man. Natural hosts unknown. 


KEYS TO GROUPS AND SPECIES OF TRICHOLEPTOMYIA 
ADULTS 


1; scutellumwith pale scales on all lobes... sis 6.8) CO ee a 2 
Scutellumuentinely daries (oie SOR. BS eG OG Bs JHe 34 3 


3(1). 


4(3). 


0(4). 


6(5). 


7(6). 


5(3). 
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. Proboscis short and stout, palps about one-seventh of the length of the 


proboscis; dorsocentral bristles absent; postnotal bristles present. 
belkini (p. 74) 
Proboscis long and slender, palps about one-tenth of the length of the 
proboscis (Fig. 2); 1-2 dorsocentral bristles present; postnotum 


re ee ra bog a se ee barraudi (p. 59) 
Abdominal tergites III-VII with complete, or almost complete, apical 

pale bands (Fle. Ch ae Se a ee roxasi (p. 70) 

7 | werneri (p. 72) 

Abdominal tergites all dark. above.visnes.. os, aces dssks Ole Bit > 4 

3-4 dorsocentral bristles present. ........ _ christophersi (p. 61) 

Dorsocentrals aADSCM. . 66 6.97) seek oes as Cie mee a ok 5) 


Abdominal tergites with lateral pale borders widening conspicuously 
towards the apex of each segment (Fig. 4). ..... apoensis (p. 57) 
Abdomen with more or less uniform pale lateral border (Fig. 4)... 6 


Lobes of male [Xth tergite with apices expanded (Fig. 47). 
delpilavi (p. 76) 
Lobes of male Ixth tergite more uniformly rounded at apex (Fig. 37). 7 


Cleft between lobes of male [Xth tergite usually very shallow (Fig. 37). 
7 microcala (p. 63) 

Cleft between lobes of male [Xth tergite usually much deeper (Fig. 39). 
nepenthicola (p. 67) 


PUPAE 
Seta 1-I a conspicuous tuft, (Fig. 47) (Delpilari Group). 


delpilavi (p. 76) 
This seta otherwise (Nepenthicola Group). .........2-e+eee-. 2 


. Seta 5-IV much longer and stouter than 1-IV (Fig. 41, 43). 


roxasi (p. 70) 
wernervi (p. 72) 
Seta 0-IV of the same order of length as, or smaller than, 1-IV. .. 3 


. Setae 1, 6-III-VI feebly developed, relatively inconspicuous. ..... 4 


One or both of these setae stout, dark, conspicuous at least on VI and 
Uusuaily @lsO ON SOME OUNGT SECTIONS. 06. kek kK uk MURR 4 D 


. Setae 9-VII, VIII single or bifid and 3-6-branched respectively, one-half 


benign G1 pacale Or lees (Fie, Ba 6 ok ae ek barraudi (p. 59) 
These setae much longer, with 8-11 and 14-18 branches respectively 
Oka eras ha tan chek cabunrle Val 40 ate | al christophersi (p. 61) 


Setae 1-III-V short, slender, relatively inconspicuous; paddles more or 
less oval, broadly rounded or flattened at tip (Fig. 31). 

apoensis (p. 57) 

These setae longer, stouter, conspicuous; paddles taperingtoapoint. . 6 
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6(5). Setae 1-I and 6-III-V short, slender, delicate, 1-I with 3-5 branches 


LS IEG yee Oe ee Pe Pere ee Ses belkini (p. 74) 
These setae longer, stouter, more conspicuous, single or bifid 
ee Shy See ee ene se ee ae kee ee microcala (p. 63) 


nepenthicola (p. 67) 


LARVAE 
} peta ial minute, delicate, INGONSpICUoUS. 2... 6 0 6 8 ee ewe es 2 
This seta stout, dark, strongly developed, conspicuous. ....... & 


2(1). Head broad and very dark; siphon at least 2.0 length of saddle; setae 


2a-S 10 or more in number (Fig. 48). ....... delpilari (p. 76) 
Head narrow, lightly pigmented; siphon less than 1.5 length of saddle; 
BR Bae oe AL er ee ee 2 


3(2). Seta 5-M about equal in length to the thorax or shorter; setae 1, 5, 6, 7-II 
at most about 0.5, 1.0, 1.5 and 1.3 length of the following segment 
FESPCCLIVely CF ig. S42) EES ee err roxast (p. 70) 

Seta 5-M about 1.3-1.6 length of thorax; setae 1, 5,6, 7-II at least about 
0.7, 1.2, 1.8 and 1.7 length of the following segment respectively 
ee A A eS Be ee NO Ba wernervi (p. 72) 


4(1). Comb teeth with hypertrophied median denticle in the form of a fringed 
| scale; setae la-S at most 2 in number; seta 5-VII with 7-12 branches 


PS OO Bd se ee OS NO Belkan We 748) 
Comb spines with median denticle sharp pointed as usual; setae la-S 
3-10 in number; seta 5-VII single totrifid........... 2 Bee 
5(4). Pecten teeth coarsely denticulate; setae 1,5,9-M and 6- and 7-I-II short, 
Gen HY MEFY SROTE TP ig See ee ere barraudi (p. 59) 
Pecten teeth delicately fringed; these setae longer, usually much 
SOOT PO eR eer ee enn FE Re be ee eae a ge 6 


6(5). Seta 1-C flattened, sculptured when seen in plane view; palatal setae 
slender; mentum strongly arched (Fig. 36). . christophersi (p. 61) 

Seta 1-C of normal type; palatal setae very coarse; mentum flattened 
Ce Fe ea a Oe EEE eS Be ee < 


7(6). Setae 13,14-P arising from a common tubercle, with 1-7 and 3-12 
branches respectively; setae 1-I-VI all of the same general order of 


A ee eS a eT ek ee ae ee et 8 
Setae 13,14-P well separated, single or bifid; setae 1-I and -II much 
shorter iad 1aVVi CUP igs Bo eer EO AES apoensis (p. 57) 


8(7). Setae 1-M and 1-V-VI finely attenuated, 6-M generally shorter than 7-T, 
occasionally up to 1.2 its length, 2-I-II with at most 8 branches, 
MeuaLLy TOWOP (Rice SO). la ek ee ce ele ea microcala (p. 63) 
Setae 1-M and 1-V-VI stout, blunt tipped, 6-M at least 1.3 length of 
7-T, generally longer, 11-I-II with 5-19 and 7-20 branches respec- 
IPO Te SOS ae a Oy ee Roe a nepenthicola (p. 67) 
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NEPENTHICOLA GROUP 


Included in this group are all the species in Group A of Baisas and Ubaldo- 
Pagayon (1953: 14) except rozeboomi which is transferred to subgenus Rachi- 
onotomyia and delpilari which is felt to merit a separate monotypic group. For 
differences from the latter see keys to early stages (p. 55-56). Setae 8-M 
and 8-T are also smaller in the present group, being minute tufts often absent 
or not seen. 


NEPENTHICOLA SUBGROUP 


Several members of the Nepenthicola Group have distinctive features 
(narrow larval head in christophersi, microcala, nepenthicola, roxasi Baisas 
and Ubaldo-Pagayon and werneri Baisas and Ubaldo-Pagayon, absence of post- 
notal setae in barvaudi). These appear to be outweighed, however, by the com- 
bination in belkini of short, stout proboscis in both sexes of adult with larval 
comb teeth unique in the genus. It has therefore been preferred to place the 
latter by itself in a monotypic subgroup while retaining all the other species in 
this one. 


14. TRIPTEROIDES (TRICHOLEPTOMYIA) APOENSIS 
BAISAS AND UBALDO-P AGAYON 
(Figs. 4, 7, 31, 32) 


Tripteroides (Tripteroides) apoensis Baisas and Ubaldo-Pagayon, 1953: 68. 


FEMALE (Figs. 4, 7). Wing 3.5-4.8 mm. Proboscis slender, about 1.1- 
1.2 length of forefemur, 0.9-1.1 of abdomen, palps about 0.1 of proboscis. 
Palps and proboscis entirely dark. Clypeus bare. Tori with small, broad, 
pale scales on inner surface. . Antenna about 0.5 length of proboscis. Occiput 
with broad, flat, dark scales, appearing paler in some lights, over most of 
surface, a border of pale scales around eye margins, broadening ventrolater- 
ally, a few dark upright scales, paler toward tip, on nape. 1-2 orbital bristles 
far out on either side. Thorax. Scutum with moderately broad, midbrown, 
lanceolate scales, appearing paler in some lights and with broader, whitish 
scales on anterior and lateral margins. 2-4 prescutellar bristles present on 
either side, no dorsocentrals. Scutellum with dark scales on all lobes. Post- 
notum with a small tuft of dark bristles. Anterior and posterior pronota with 
flat, whitish scales. A single posterior pronotal bristle present and 3-4 spira- 
culars. Postspiracular area and anteroventral portion of sternopleuron bare. 
Remainder of pleuron covered with broad, whitish scales. Paratergite bare. 
About 4-7 lower sternopleural bristles present, no prealars so far as can be 
seen. Legs. Femora pale below almost to tip. All claws simple. Fore- and 
midclaws subequal, hindclaws unpaired. Wing. Outstanding scales on upper 
surface narrow. Upper calypter with 4-5 hairlike scales. Upper fork cell 1.0- 
1.2 length of its stem. Halter. Head'dark. Abdomen (Fig. 4). Tergites with 
pale lateral borders extended to form conspicuous pale apicolateral triangles 
which, however, are invisible from above. Sternites pale except for VIII which 
is dark. Terminalia (Fig. 7). Postgenital plate shallow with broad apical 
emargination. IXth tergite with 10-12 bristles on either lobe. Insula with 6-7 
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stout peripheral bristles and 1-2 smaller ones in the posterolateral corners. 

MALE (Fig. 31). Wing 2.4-3.8 mm. Antenna strongly plumose, a little 
less than half the length of the proboscis. Upper fork cell 1.1-1.2 length of 
its stem. One foreclaw large and toothed, the other much smaller and simple. 
Hind- and midclaws simple, the former unpaired. Terminalia (Fig. 31). 
Dististyle swollen on about the apical half. Basal lobe of basistyle with 2-3 
setae stouter than the remainder, one of them much longer than the other(s). 
Paraproct with 2-4 large teeth at apex and 2-3 smaller ones. Phallosome as 
figured. IXth tergite with lobes well separated distally, converging at base, 
each with 10-15 setae extending down the inner surface to the base. 

PUPA (Fig. 31). As figured. Trumpets very broad. All setae short or 
very short. 1-C only a little longer than 2,3-C. 8-C stout, dark, single to 
tetrafid, 1-C slender, simple or lightly frayed, single to trifid. Seta 6 
usually, and 9 always, relatively stout and dark on III-VI. Setae 9-VII and 
9-VIII at most about two-thirds of the length of the following segment and the 
paddle respectively, usually less, with 2-5 and 3-10 branches respectively. 
Paddles broadly rounded at tip, lightly spiculate on both edges, 1.2-1.4 as | 
long as their greatest breadth. 

LARVA (Fig. 32). Head narrow, about 1.2 as long as broad. Seta 1-C 
small, sometimes very small. Other setae single except as follows: 5-C with 
0-8 branches, 7-C with 3-7, 9-C with 2-6, 10-C with 2-7, 11-C with 4-6, 
12-C single to pentafid, 13-C single or bifid, 14-C with 2-3 branches, 15-C 
with 2-5. Thorax. Setae 1,5-M exceptionally long, exceeding the anterior 
margin of the head, 7-T without basal arm, about 1.3-1.6 length of 6-M. 
These and other setae single except as follows: Setae 0,4-P with 2-5 branches, 
2,6, 8,13-P and 14-P single or bifid; 2,3-M single or bifid, 4-M single to 
tetrafid, 7-M single to trifid, 13-M with 2-5 branches, 14-M with 3-5; 2-T 
with 3-5, 4-T with 2-4, 5-T single or bifid, 6-T single to trifid, 8-T bifid 
or trifid, 13-T single to trifid; 1-I single to trifid, 2-4-I single to tetrafid, 
2,9, 10-I single or bifid, 11-I single to pentafid, 13-I single to tetrafid; 1-II 
single or bifid, 2-II single to trifid, 3-II single or bifid, 4-II bifid or trifid, 
o-II single or bifid, 8-II single to tetrafid, 9-II single or bifid, 10-II single to 
tetrafid, 11-II bifid to pentafid, 12-II single to trifid, 13-II single or bifid; 1, 
2-III single or bifid, 3-III single to tetrafid, 5-III single or bifid, 7-III single 
to trifid, 8-III bifid or trifid, 9-III single or bifid, 11-III with 2-5 branches, 
13-III single or bifid; 2-IV single to trifid, 5-IV single or bifid, 7, 8-IV single 
to trifid, 9,10-IV single or bifid, 11-IV bifid to pentafid, 13-IV single or bifid; 
2-V single or bifid, 3, 4-V bifid or trifid, 5-V single or bifid, 7-V bifid to 
trifid, 8-V single to tetrafid, 9-V single or bifid, 10-V single to trifid, 11-V 
single or bifid; 3,4-VI single to trifid, 7-VI bifid or trifid, 8-VI bifid to tetra- 
fid, 9-VI single or bifid, 10-VI single to trifid, 12-VI with 2-3 branches, 
13-VI with 3-5; 3,4-VII single to trifid, 6-8, 10, 12,13-VII with 2-6 branches. 
Comb with 5-10 teeth as figured. Seta 1-VIII single or bifid, 2-VIII single to 
tetrafid, 3-VIII with 3-10 branches, 4-VIII with 3-6, 5-VIII with 3-10. Saddle 
edge with numerous small, apically fringed scales and laterally fringed spines. 
All setae on segment X single. Seta 3-X about 3.5-4.5 length of saddle. Anal 
papillae short and broad, variable in shape, sometimes more pointed than in 
the figure, about 0. 8-1.2 length of the saddle. Siphon about 1.1-1.2 length of 
saddle. Pecten of 3-8 large teeth on either side of midline, the individual 
teeth as figured with delicate ventral fringe. Seta 1-S single, unpaired, la-S 
single, 4-7 in number ina single line, 2a-S single, 4-7 in number on either 
side of the midline, lateral seta with 5-7 branches. 

TYPE-DATA. Holotype male, No. 1150-3, allotype female, No. 1150-9, 


Mattingly: Tvipteroides of the Oriental Region a9 


both on pins with associated skins on slides in U.S.N.M. 

DISTRIBUTION. PHILIPPINES. Mindanao. Bukidnon Province, Sumilao, 
70 L; Maluko, Tagalaon, 3“, 22, 5p; Davao Province, Taglawig, Tagum (type- 
locality), 30°, 12, 1p, 2 lp; east slope, Mt. McKinley, 2°, 1p, 12 L, 11, 

2 lp; east slope, Mt. Apo, 3c, 22, 1p, 1 L; unnamed localities, 50, 3%. 

TAXONOMIC DISCUSSION. This species resembles the others with narrow 
larval head, except for barvaudi, in possessing postnotal bristles. It resem- 
bles barvaudi rather closely however in larval chaetotaxy and may be most 
closely related to that species. 

BIONOMICS. Specimens from the type-locality came from pitcher plants 
at ground level, those from Mt. McKinley from arboreal pitcher plants and 
those from Mt. Apo from both (Baisas and Ubaldo-Pagayon 1953: 18). One 
male was taken as adult on Mt. McKinley and another on Mt. Apo and 2 males 
and 2 females were reared from larvae recorded as from deeply shaded log 
holes in forest on Mt. McKinley. Baisas and Ubaldo-Pagayon (1953: 68) con- 
sider this record probably erroneous. 


15. TRIPTEROIDES (TRICHOLEPTOMYIA) BARRA UDI 
BAISAS AND UBALDO-P AGAYON 
(Pigs. 2,3, 1, 28, 84) 


Tripteroides (Tripteroides) barraudi Baisas and Ubaldo-Pagayon, 1953: 75. 


FEMALE (Figs. 3, 7). Wing 3.2-3.4 mm. Head. Proboscis long and 
slender, slightly swollen at tip, 1.0-1.1 length of forefemur, 1.0 of abdomen. 
Palps about 0.1 of proboscis. Palps and proboscis entirely dark. Clypeus 
bare. Tori with conspicuous white scales on inner surface. Antenna about 
0.5 length of proboscis. Occiput with flat, dark brown scales and a continu- 
ous border of white scales around eye margins, broadening ventrolaterally. 
Some small dark upright scales with expanded tips on nape. 1-2 orbital 
bristles present well out to either side. Thorax (Fig. 3). Scutum with rela- 
tively broad white scales on anterior promontory, narrow pale golden scales 
elsewhere, a narrow lateral border of broader white scales above the parater- 
gite and from there posteriorly. 1-2 dorsocentral and 2-3 prescutellar bristles 
present on either side. Scutellum with all lobes pale scaled. Postnotum bare. 
Anterior pronotal lobes and posterior pronotum entirely covered with small, 
flat white scales. One posterior pronotal bristle, 2-3 spiraculars. Most of 
the pleuron, except for the postspiracular area and the antero-ventral portion 
of the sternopleuron, covered with flat white scales. Paratergite bare. Four 
lower sternopleural and 2 prealar bristles present. Legs. Femora pale below 
to tip. Foreclaws simple, subequal, midclaws similar, hindclaw only slightly 
curved, unpaired. Wing. Outstanding scales on upper wing field narrow, 
almost hairlike, somewhat broader toward tip of Ro. Upper calypter with 4-5 
hairlike scales. Upper fork cell 1.2-1.7 length of its stem. MHalter. Head 
dark. Abdomen. Tergites dark above, with I appearing paler in certain lights, 
with lateral pale longitudinal bands expanding anteriorly to form small pale 
triangles invisible from above, much as in apoensis (Fig. 4). Sternites entirely 
pale except for the VIIIth which is dark. Terminalia (Fig. 7). Postgenital 
plate with broad, shallow invagination at apex. IXth tergite with 12 bristles on 
either lobe in the specimen examined. Insula with 9-10 peripheral setae on 
either side, without posterolateral setae on the general surface. 

MALE (Figs. 2, 33). Wing 3.2-3.4 mm. Antenna strongly plumose, about 


60 Contrib. Amer. Ent. Inst. ; vols 17; no. 5;.1981 


0.5 length of the proboscis. Upper fork cell 1.1 length of its stem. Fore- 
claws very unequal, the larger toothed. Midclaws unequal, simple. Hindclaw 
minute, simple, unpaired. Terminalia (Fig. 33). Dististyle relatively long 
and slender, moderately swollen apically. Basal lobe of basistyle with 1-2 
setae markedly longer than the others. Paraproct with 2 large and 2-3 smaller 
teeth at apex. Phallosome as figured. Lobes of IXth tergite closely approxi- 
mated at base, divergent apically, with 15-18 stout bristles on each. 

PUPA (Fig. 33). Trumpets large and very broad. Seta 1-C short, deli- 
cate, trifid, 8-C a stout, dark, plumose bristle. All abdominal setae very 
short, mostly single as figured. Seta 9-VII single or bifid, about half as long 
as segment VIII at most, 9-VIII with 3-6 branches, at most a little more than 
half the length of the paddle. Paddles as figured, lightly spiculate on both 
borders. 

LARVA (Fig. 34). Head narrow, about 1.2 as long as broad. Mouth- 
brushes with most of the inner setae delicately pectinate as usual but with a 
few of them modified, either longer than the others and simple or, ina few 
cases, stouter and with 2-3 very coarse teeth. Palatal hairs very broad and 
coarsely toothed. Seta 1-C short, stout, dark, little curved, if at all, 5-C 
with 4-8 branches, 7-C with 3-7, 9-C with 6-16, 10-C with 2-5, 11-C with 
4-8, 12-C single or bifid, 13-C single or bifid or split into 2-4 at tip, 15-C 
with 3-7 branches. Other head setae single. Thorax. All setae short, as 
figured, single (often frayed) except as follows: O-P with 4-9 branches, 
1-5-P single or bifid, 6-P single or trifid, 7-P single or bifid, 8-P single to 
tetrafid, 11-P bifid or trifid, 13-P single to trifid, 14-P with 3-6 branches; 
4-M single to pentafid, 6-M 1.1-2.0 length of 7-T, 8-M with 5-10 branches, 
11-M single to tetrafid, 13-M with 5-11 branches, 14-M with 7-10; 1-T single 
or bifid, 2-T with 2-3 branches, 4-T with 3-8, 5-T with 2-3, 7-T without 
basal arm, 8-T with 4-9 branches, 11-T with 2-3, 13-T with 5-8. Abdomen. 
Seta 1-I single or bifid, 2-I single to tetrafid, 5-I single to trifid, 9-I with 
2-4 branches, 11-I with 2-5, 13-I with 3-4; 1, 2-II single or bifid, 5-II single 
to trifid, 8-II single to pentafid, 9-II bifid to tetrafid, 11-II single to trifid, 
12-II single to pentafid, 13-II single or bifid; 2, 4-III single to trifid, 5-III 
single or bifid, 7-III single to trifid, 8,9-III with 2-4 branches, 11-III with 2-3, 
13-III single or bifid; 5-IV single or bifid, 7-IV single to trifid, 8-IV bifid to 
tetrafid, 9-IV single to trifid, 11-IV bifid or trifid; 2-V single or bifid, 5, 7-V 
single to trifid, 8-V with 3-6 branches, 9-V with 2-4, 11-V single to trifid; 
2-VI single or bifid, 5-VI single to trifid, 7-VI single or bifid, 8-VI with 3-7 
branches, 9-VI with 2-4, 11-VI single to trifid, 13-VI with 3-8 branches, 
6-VII and 7-VII with 2-4 branches, 8-VII with 2-7, 9-VII single to tetrafid, 
12-VII single or bifid, 13-VII with 4-7 branches. Comb of 5-11 coarsely 
fringed spines, as figured. Seta 1-VIII single to trifid, 3-VIII with 4-10 
branches, 4-VIII single, 5-VIII with 6-10 branches, 14-VIII minute, single. 
Saddle edge with sharp pointed spinules. All setae on anal segment single. 
Seta 3-X 1.4-2.4 length of saddle. Anal papillae short, pointed, 1.1-1.2 
length of saddle. Siphon 1.3-1.6 length of saddle. Pecten with 5-7 teeth on 
either side of the midline, the individual teeth very large, as figured. Seta 
1-S single, unpaired, la-S single, 3-7 in number ina single line, 2a-S single, 
3-6 on either side of the midline, lateral seta with 2-8 branches. 

TYPE-DATA. Holotype male, No. 559-b, on pin with terminalia on slide, 
associated skins lost, allotype female, No. 561-17, with claws, pharynx and 
associated larval and pupal skins on slides. Both in U.S.N.M. 

DISTRIBUTION. PHILIPPINES. Luzon. Mt. Province, Banaue-Bontoc 
Road (type-locality); 2%, 5¥, 17 L, 1 P, 41, 2 lp; Banaue, 1%, 4 L; Quezon 


Mattingly: Tripteroides of the Oriental Region 61 


Province, Baler, Tayabas, 1 L. 

TAXONOMIC DISCUSSION. A unique female adult, in the U.S.N.M., col- 
lected in the general area of the type-locality, but subsequent to the publica- 
tion of the original description, differs from the type-series in much larger 
size (wing 4.2 mm.), presence of 3 pairs of dorsocentral bristles, longer 
anterior fork cell (1.7 its stem) and absence of pale lateral markings from the 
abdominal segments posterior to the second. It is accompanied by 4 whole lar- 
vae from the same locality and with the same serial number (#50). These 
agree with the larva of the present species except that one of them has the 
larger setae more strongly developed, notably seta 6-IV which is approximate- 
ly equal in length to the following segment and setae 5-I-VI with 4-6 branches, 
11-I-VI with 7-8, 9-10, 12, 10, 9-10 and 5-6 respectively and 2-VII and 5-VII 
bifid. This may be no more than a hairy form of the present species but it 
seems to call for further investigation. 

Baisas and Ubaldo-Pagayon (1953:75) cite the absence of pale scales from 
the tori as distinguishing the present species from @poensis, In fact, however, 
there are conspicuous white scales in this position in all their surviving speci- 
mens including the types. The presence of such scales distinguishes these two 
species from all others in the subgenus except microcala (and ? nepenthicola). 
The same authors (1953: 77) note the presence among the inner mouthbrush 
setae of the larva of some which are exceptionally coarsely serrated. As 
indicated above, however, these are present in only a few of their larvae. 

The very coarse palatal setae (Fig. 34) (not mentioned by Baisas and Ubaldo- 
Pagayon) are constantly present and are distinctive from other species except 
apoensis, microcala and nepenthicola (cp. Fig. 36). The equally coarse pecten 
teeth are diagnostic from all other species, being most closely approximated 
by those of voxasi and werneri (Figs. 42, 44). Finally the abdominal chaeto- 
taxy of the larva approximates quite closely to that of apoensis, to which the 
present species is perhaps most closely related, except that the latter has 
setae 6-I-VI and 7-I-II very much longer. 

BIONOMICS. The type-series was bred out from pitcher plants on the 
ground. Baisas and Ubaldo-Pagayon (1953: 18) also give records from Famy 
Jungles, Famy, Laguna Prov. and Bongabon-Baler Road, Baler, Quezon 
Prov. from ground and arboreal pitcher plants in both cases but this material 
is now believed lost. No data are available for the material, mentioned above, 
which was collected in the area of the type-locality subsequent to the publica- 
tion of the original description. 


16. TRIPTEROIDES (TRICHOLEPTOMYIA) CHRISTOPHERSI 
BAISAS AND UBALDO-PAGAYON 
(Figs. 3, 4, 8, 35, 36) 


Tripteroides christophersi Baisas and Ubaldo-Pagayon 1953: 86. 


FEMALE (Figs. 3, 4, 8). Wing 3.8-3.9 mm. Head, Proboscis long 
and slender, 1.3 length of forefemur, 1.1 of abdomen. Palps 0.09 of pro- 
boscis. Palps and proboscis entirely dark. Clypeus bare. Tori bare or with 
a few minute hairlike scales on inner surface. Antenna about 0.5 length of 
proboscis. Occiput with flat dark scales with subdued bronzy reflection and a 
narrow border of flat white scales around eye margins expanding somewhat 
ventrolaterally. A few dark upright scales with expanded tips on nape. Two 
orbital bristles far out on either side. Thovax. Scutum (Fig. 3) uniformly 
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covered with narrow brown scales with pale golden reflection, some narrow 
white scales on anterior border. 2-3 prescutellar and 3-4 dorsocentral 
bristles present on either side. Scutellum with dark scales on all lobes. 
Postnotum with a group of small dark bristles. Anterior pronotal lobes with 
small flat whitish scales anteriorly, larger and darker scales behind. Pos- 
terior pronotum with moderately broad whitish scales. A single posterior 
pronotal bristle, 3-4 spiraculars. Subspiracular area, upper and posteroven- 
tral portions of sternopleuron and most of the mesepimeron covered with flat 
whitish scales, the subspiracular patch relatively small. Paratergite bare, 
4-5 prealar and 3-4 lower sternopleural bristles present. Most of pleuron, 
except anteroventral portion of sternopleuron, with broad white scales. 
Pleural integument yellowish with relatively pale brown shading on individual 
sclerites, contrasting sharply with the darker brown of the scutal integument. 
Legs. Femora dark above, pale below to tip. Claws (undissected); fore- and 
mid-pairs unequal, hindclaws apparently unpaired. Wing. Outstanding scales 
on upper surface very narrow, linear. Upper calypter with 4-6 hairlike 
scales. Upper fork cell 1.2-1.3 length of its stem. Halter. Head entirely 
dark. Abdomen (Fig. 4). Dark above, lateral borders of tergites narrowly 
and uniformly pale. Sternites creamy white except for VIII which is dark. 
Terminalia (Fig. 8). Postgenital plate shallow with anterior margin deeply 
indented. IXth tergite very slightly indented with 13 bristles on one side and 
15 on the other. Insula with 10 peripheral bristles on either side, no bristles 
in posterolateral corners. 

MALE (Fig. 35). Wing 3.2-3.8 mm. Antenna moderately plumose, about 
half the length of the proboscis. Scutal scales reddish brown in the holotype, 
distinctly darker than in the female, much as in the female in the paratype 
male. Upper fork cell about 1.0-1.2 length of its stem. Foreclaws very 
unequal, the larger toothed, midclaws similar to the foreclaws but both sim- 
ple, hindclaws small, relatively straight, simple. Abdomen. Tergal mark- 
ings as inthe female. Terminalia (Fig. 35). Dististyle somewhat variable, 
as figured or rather shorter and more strongly swollen distally. Basal lobe 
of basistyle with 2-3 bristles longer and stouter than the others. Apex of 
paraproct with 2 large teeth and 4 smaller ones, clearly visible only on one 
side of one specimen. Phallosome as figured. IXth tergite shallow with lobes 
closely approximated, each with 16-19 setae. 

PUPA (Fig. 35). Trumpets appearing tubular when furled as in the figure, 
broad and conical when flattened, much as in barvaudi (Fig. 33). Seta 1-C 
very delicate, visible only 'on one side of one specimen in which it is double, 
8-C long, relatively stout, plumose; 1-I a single, delicate seta lightly 
feathered towards the tip (bifid on one side of one specimen), 1-II-VII short, 
delicate, single on II-VI, single or bifid on VII; 3-IV slender, delicate as on 
other segments; 5-JI-VII slender, delicate, single on II-VI, bifid or trifid on 
VII; 6-II-VII slender, single or bifid on II, single on the remaining segments; 
9-II-VI spinose (a stout, 6-branched tuft nearly as long as 9-VII on one side 
of one specimen), 9-VII with 8-11 branches, 9-VIII with 14-18. Paddles 
tapering with apex flattened, with broad bands of spicules laterally, with finer 
spicules over much of general surface, about 1.3 their greatest breadth. 

LARVA (Fig. 36). Head. Narrow, about 1.2 as long as broad. Palatal 
setae relatively slender. Seta 1-C stout, flattened, sculpted as in the figure. 
Remaining setae slender, delicate, single except as follows; 5-C with 4-5 
branches, 7-C with 2-5, 9-C with 5-10, 10-C with 3-6, 11-C with 3-8, 12, 
13-C single or bifid, 15-C trifid to pentafid. Thorax, Larger setae stout, 
single except for 13-T. Smaller setae mostly slender, delicate, single except 
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as follows; 0-P with 2-10 branches, 4-P single to trifid, 8-P single to penta- 
fid, 11-P single to trifid, 13-P single to tetrafid, 14-P with 2-6 branches; 
2-4-M single or bifid, 11-M single to trifid, 13-M with 7-13, 14-M with 8-14, 
6-M 1.5-1.9 length of 7-T; 2-T with 3-5, 4-T with 4-10, 5-T single to trifid, 
6-T single or bifid, 7-T without basal arm, 8-T with 5-16 branches, 11-T 
single or bifid, 13-T normally double, occasionally single or trifid. Abdomen. 
Larger setae stout, unbranched, smaller setae slender, delicate, unbranched 
except as follows; 2-I single to tetrafid, 4-I with 2-4 branches, 9-I single to 
trifid, 13-I stout, spinose, usually bifid, occasionally trifid; 2-II single to 
trifid, 4-II trifid to heptafid, 8-II single or bifid, 9-II single to tetrafid, 10, 
11-II single or bifid, 13-II stout, spinose, bifid; 2-4-III single or bifid, 7-III 
single to 13-branched, 8-III single or bifid, 9-III single to trifid, 13-III stout, 
spinose, single or bifid; 2-IV single or bifid, 7-IV trifid to heptafid, 8-10-IV 
single or bifid; 13-IV stout, spinose, single or bifid; 2-V single or bifid, 4-V 
bifid to tetrafid, 7-V bifid to pentafid, 8-V single or bifid, 9-V single to tri- 
fid, 13-V stout, spinose, single or bifid; 2-VI single to trifid, 4-VI single or 
bifid, 7-VI single to trifid, 8-VI tetrafid to heptafid, 9-VI single to tetrafid, 
13-VI with 5-13 branches; 2-VII single to trifid, 4-VII single or bifid, 6-VII 
bifid to pentafid, 7-VII single to trifid, 8-VII trifid to heptafid, 9-VII single to 
. tetrafid, 13-VII with 2-6 branches. Comb with 7-11 strongly toothed spines. 
Seta 3-VIII with 2-7 branches, 5-VIII with 4-9. Saddle edge with a few minute 
spicules at base of caudal setae, otherwise smooth. All setae on anal segment 
single, 3-X 3.0-4.0 length of saddle. Anal papillae relatively slender, 
pointed, 1.5-2.0 length of saddle. Siphon 1.4-1.5 length of saddle. Pecten 
teeth large and conspicuous, 6-10 in number on either side of the midline, 
occupying about the distal 0.60 to 0.75 of the length of the siphon. Seta 1-S 
single or bifid, usually unpaired, la-S 4-10 in number, single (one occasion- 
ally bifid), 2a-S 6-8 in number single, lateral seta with 3-5 branches. 

TYPE-DATA. Holotype male, No. P561, on pin with terminalia on slide, 
allotype female, No. P559-3, on pin with associated larval skin on slide. Both 
in U8. 8.M. 

DISTRIBUTION. PHILIPPINES. Luzon. Mt. Province, Banaue-Bontoc 
Road, 2-3, 000 ft. (type-locality); 2%, 22, 21 L, 1p, 11, 1lp, Baler, Taya- 
bas; 15 L, Unnamed locality; 30 L. 

TAXONOMIC DISCUSSION. This species appears to be most closely 
related to barvaudi from which, however, it is easily distinguished by the 
ape of postnotal bristles and by the early stages as indicated in the keys 
D. 895.568), 

BIONOMICS. Specimens from the type-locality were collected as early 
stages from pitcher plants at ground level. Early stages of barraudi formed 
part of the same collections. It is not known whether these came from the 
same individual pitchers (Baisas and Ubaldo-Pagayon 1953: 86). 


17. TRIPTEROIDES (TRICHOLEPTOMYIA) MICROCALA (DYAR) 
(Figs. 9, 37, 38) 


Rachionotomyia microcala Dyar 1929: 61. 

Tripteroides (Tripteroides) microcala of Edwards 1932: 78, Bohart 1945: 29, 
Baisas and Ubaldo-Pagayon 1949: 65 and 1953: 97, Stone et al. 1959: 68, 
Basio et al. 1970: 449, Basio 1971: 85 and Knight and Stone 1977: 323. 


FEMALE (Fig. 9). Wing 2.8-3.8 mm. Head. Proboscis long, relatively 
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slender but distinctly shorter and stouter in some specimens than in others, 
strongly curved apically, 0.95-1.30 length of forefemur, 1.0-1.1 length of 
abdomen. Palps 0.09-0.14 of proboscis. Palps and proboscis entirely dark 
apart from a few pale scales below at extreme base. Clypeus bare, tori 
usually bare (? rubbed), occasionally with pale scales on inner surface. 
Antenna from a little less than 0.5 to slightly over 0.6 length of the proboscis. 
Occiput with broad, flat, dark brown scales with bronzy reflection (dull brown, 
evidently much faded, in the type-series with some inconspicuous pale scaling 
on nape), a narrow line of whitish scales around eye margins expanding ven- 
trolaterally, some narrow, dark upright scales on nape. 1-2 slender orbital 
bristles well out on either side. Thovax. Scutum with narrow gray-brown 
scales (faded to very pale brown in the type-series), directed posteriorly in 
the median area, broader and directed obliquely outward in lateral areas. 
Small white scales on anterior margin and similar, but narrower scales on 
lateral margins. 2-3 prescutellar bristles present on either side, no dorso- 
centrals. Scutellum with flat brown scales on all lobes. Postnotum with 4-8 
small bristles. Anterior pronotal lobes and posterior pronotum with small, 
flat, whitish scales, similar but rather larger scales on subspiracular area, 
upper and posteroventral portions of sternopleuron and most of mesepimeron. 
Postspiracular area and paratergite bare. A single posterior pronotal bristle, 
3-4 spiraculars, 2 prealars and 2-5 lower sternopleurals. Legs. All femora 
pale below to tip. Claws all simple, much as in nepenthicola. Foreclaws 
unequal, one more strongly curved. Midclaws subequal. Hindclaw unpaired. 
Wing. Outstanding scales on upper wing field all very narrow. Upper calypter 
with 2-9 hairlike scales. Upper fork cell 1.0-1.2 length of its stem. Halter. 
Knob dark, stem pale. Abdomen. As in male nepenthicola (Fig. 5). Tergites 
dark above with very narrow, continuous lateral pale border. Terminalia 
(Fig. 9). Postgenital plate deeply cleft, as in the figure, in the allotype and 1 
paratype (the other undissected), variable in the other material (see under 
Taxonomic Discussion). [Xth tergite with 3-13 bristles on either lobe. Insuia 
with 3-7 peripheral bristles and 1-3 in the posterolateral corners. 

MALE (Fig. 37). Wing 2.8-3.0 mm. Antenna moderately plumose, 
slightly less than 0.5 length of the proboscis. Upper fork cell 0.9-1.2 length 
of its stem. Claws much as in nepenthicola; fore- and midclaws very unequal, 
the former with the larger claw toothed, hindclaw unpaired. Terminalia (Fig. 
37). As in nepenthicola. Dististyle appearing broader or narrower according 
to aspect. Basal lobe of basistyle with 2 bristles longer and stouter than the 
remainder, one much shorter and more slender than the other. Paraproct 
with 1-2 large teeth and 1-4 smaller ones. IXth tergite with lobes closely 
approximated, each with 7-14 bristles, the cleft between them usually shallow- 
er than in nepenthicola but with some variation in both species. 

PUPA (Fig. 37). Closely similar to that of nepenthicola (Fig. 39). Trum- 
pet very broad. Seta 1-C short, slender, 8-C longer, stouter, single to 
trifid; 1-I-V single or bifid; 6-III-VI single, occasionally bifid on one side, 
0.3-0.7 length of the following segment; 9-VII with 2-7 branches; 9-VIII with 
4-12. Paddles usually bluntly pointed at apex, occasionally attenuated as 
shown in the figure, extensively spiculate on both edges, only slightly emar- 
ginated at base. | 

LARVA (Fig. 38). Closely resembles that of nepenthicola. Head. Very 
narrow. Seta 4-C with 2-13 branches, 5-C with 2-5, 6-C single, 7-C 
single to heptafid, 9-C with 3-8 branches, 10-C with 2-4, 11-C very small 
and delicate with 3-7 branches where seen, 14-C with 2-3, 15-C with 2-5. 
Thorax. Seta 0-P with 3-8 branches, 1-P single or bifid, 4,7-P single to 
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trifid, 8-P single to pentafid, 13-P single to tetrafid, 14-P with 3-9 branches; 
1-M single, very long, flexible and finely tapered at tip, 6-M straight or 
slightly curved, simple, normally shorter than 7-T, often much shorter (but 
see under Taxonomic Discussion), 13,14-M minute, 13-M with 4-6 branches, 
14-M, where seen, with 3-4; 1-T short, single, 2-T with 2-5 branches, 4-T 
with 2-4, 5-T single or bifid, 7-T simple, without basal arm, 13-T with 5-16 
branches. Abdomen. Seta 1-I variable in length, often quite short, sometimes 
shorter than 5-I, single or bifid, 2,3-I single to trifid, 5-I bifid, 6, 7-I single, 
9-I single to trifid, 11-I with 3-8 branches, 13-I single to heptafid; 0-II-VII 
minute, 1-II-VII single, usually very long and flexible (but see under Taxono- 
mic Discussion); 2-II single or bifid, 3-II single to trifid, 5-II with 2 branches, 
9-II with 2-4, 11-II with 2-8, 13-II single or bifid; 14-II-VI minute; 2-III 
single, 5-III bifid, 7-9-III single to trifid, 11-III with 2-7 branches, 13-II 
single; 2-IV single, 3, 5-IV single or bifid, 7-IV single to trifid, 8-IV and 9-IV 
single or bifid, 11-IV single to pentafid, 13-IV single; 2-V single, 3,5-V 
single or bifid, 7-V single to.tetrafid, 8-V bifid to tetrafid, 9-V single or 
bifid, 11-V single to tetrafid, 13-V single; 2-VI single, 3-VI single or bifid, 
o-VI single to tetrafid, 7-VI with 2-4 branches, 8-VI with 2-6, 9-VI single or 
bifid, sometimes spinose, 11-VI single or bifid, 13-VI with 2-5 branches; 
2-VII single, 3-VII single to tetrafid, 5-VII single or bifid, 6-VII single to 
hexafid, 8-VII bifid to hexafid, 9,11-VII single or bifid, the former spinose, 
13-VII with 2-4 branches. Comb with 8-19 teeth, individual teeth as in nepen- 
thicola. Seta 1-VIII single to trifid, 3-VIII with 4-8 branches, 5-VIII with 3-6, 
14-VIII minute or absent. Saddle edge with small fringed scales. All setae on 
X single, 3-X about 4.5-7.0 length of saddle. Anal papillae 1.0-1.7 length of 
saddle. Siphon 1.3-1.7 length of saddle. Pecten with 3-7 teeth on either side 
of the midline, individual teeth as in nepenthicola. Seta 1-S unpaired, single, 
la-S single, 0-2 in number inall, 2a-S single, 1-4 in number on either side 
of the midline, lateral seta minute, single to hexafid. 

EGG. Baisas and Ubaldo-Pagayon (1953: 198 and Pl. 9) figure an egg, 
found associated with first instar microcala larvae ina pitcher, which they 
consider to be probably attributable to this species. See also Mattingly (1969b: 
75). 

TYPE-DATA. Holotype male with terminalia on slide, allotype female 
and 2 paratype females, all numbered 41861, on pins, allotype and 1 paratype 
with terminalia on slides, in U.S.N.M., the holotype with additional number 
2384. 

DISTRIBUTION. FHILIPPINES. Laguna Prov., Famy Jungles (Sierra 
Madre); 330%, 262, 32 L, 25 lp; Mountain Prov., Banaue (north), Banaue- 
Bontoc Road; 5%, 122, 3 P, 33 L, 61, 16 lp; Pampanga Prov., Bamban River, 
near Camp Stotsenberg (type-locality); 1°, 32; Quezon Prov., Baler, Tayabas, 
Bongabon-Baler Road (Sierra Madre); 9°, 49, 15 L, ? Prov., Unnamed 
locality; 1%, 4L. 

Records from literature. Baisas and Ubaldo-Pagayon (1953: 19) give 
additional records from Mt. Maquiling Gic), Los Banos (Sierra Madre), in 
Laguna Province and from Llavac jungles, Infanta (Sierra Madre) in Quezon 
Province. The same authors (1953: 100) have a record from Balatoc in 
Mountain Province. Basio, White and Reisen (1970: 449) have a record from 
the Mt. Makiling area. Basio (1971: 86) has a record from an unnamed locality 
in Zamboanga Province. This is from Mindanao and may refer to the material 
elsewhere ascribed to delpilari ? var. (Baisas and Ubaldo-Pagayon 1953: 10) 
and nepenthicola (Basio 1971: 86). 

TAXONOMIC DISCUSSION. Dyar's holotype lacks the distal portion of the 
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proboscis and parts of the tarsi. All but the first 3 abdominal segments are 
mounted with the terminalia. Apart from this it is in fair condition, except 

for marked fading. The paratypes are also badly faded and each is severely 
damaged, although collectively they are complete except for the antenna. 

Only one has the proboscis complete and in this specimen it is distinctly 
shorter than the forefemur in contrast to all of Baisas and Ubaldo-Pagayon's 
specimens which I have measured. It is also markedly shorter than in Bank's 
surviving male of nepenthicola or the allotype of mus (Dyar). Bohart (1945: 

29) notes that the proboscis is distinctly shorter than in "the other 2 Philippine 
species of the subgenus"'. This could be significant since he evidently had 
access to fresh topotypical material of the present species. Unfortunately, 
however, his monograph covers 7 species, all placed in subgenus Tvipteroides, 
and it is not clear whether the 2 singled out for comparison included nepenthi- 
cola or not. Baisas and Ubaldo-Pagayon (1953: 10, 97) considered the present 
species and nepenthicola to be inseparable as adults. However, they did not 
themselves examine the types and it is not clear that they took into account the 
length of the proboscis. This character requires further investigation, pre- 
ferably in topotypical adults with associated larval skins, but until such materi- 
al is available there would appear to be insufficient evidence for changing the 
current nomenclature. 

Having concluded that the present species and nepenthicola are inseparable 
as adults, Baisas and Ubaldo-Pagayon chose the name microcala for the spe- 
cies with the early stages described above on the ground that it is the common- 
er of the two. I cannot see that this is relevant. In my view, if an arbitrary 
choice had to be made, a better choice would have been the name mus which 
has priority and is based on a type-specimen with the proboscis as in Baisas 
and Ubaldo-Pagayon's material. They appear to have been unaware of the 
availability of this name which is nowhere mentioned in their monograph. It 
is currently placed in the synonymy of nepenthicola (see p. 67). It is, how- 
ever based solely on 2 adult specimens so that its removal would now be al- 
most equally arbitrary. I cannot therefore feel justified in changing the 
accepted nomenclature at this point. , 

The female terminalia were not studied by Baisas and Ubaldo-Pagayon and 
since they are no longer available for nepenthicola they cannot be used for 
comparison. They do, however, possess some interesting features calling 
for further investigation. The postgenital plate of the allotype (shown offset 
in Fig. 9) is imperfect but it is clearly very deeply cleft as in the paratype 
shown in the same figure. At the same time the insula of both specimens is 
unusually hairy as is the [Xth tergite, the former having 5-7 peripheral 
bristles on either side and 1-3 in each of the posterolateral corners and the 
latter 10-13 bristles on either lobe. In contrast, females of Baisas and 
Ubaldo-Pagayon's from Famy have the postgenital plate with only a shallow 
cleft, much as in delpilavi (Fig. 8) or even shallower, insula with only 3-4 
peripheral bristles and 2 in each corner and [Xth tergite with 3-5 setae on 
each lobe. One of their females from Banaue, however, (the only one dis- 
sected) is intermediate, having the postgenital plate much as figured for 
delpilavi but insula with 6 peripheral setae on either side and 2 in the corners 
and 7-9 setae on the lobes of the IXth tergite. Once again there is a distinct 
suggestion that the name microcala is wrongly assigned but there is clearly 
some geographical variation and further study is needed, particularly of asso- 
ciated topotypical material. 

Aside from the question of nomenclature there remains the question as to 
whether the present species and nepenthicola are genuinely distinct. This can 
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only be decided by reference to the early stages. The pupae appear to be quite 
inseparable but there are larval differences which eventually decided Baisas 
and Ubaldo-Pagayon to treat them as good species. Characters regarded by 
them as diagnostic are: 1. Seta 6-M shorter than 7-T in microcala, longer 
than 7-T in nepenthicola, 2. Seta 1 on mesothorax and abdomen finely taper- 
ing in microcala, stouter, stiffer and ending in a coarse point in nepenthicola. 
3. Abdominal setae 5 and 11 usually shorter and with fewer branches in micro- 
cala (Baisas and Ubaldo-Pagayon 1953; 60, 103 and Pl. 19). In point of fact 

not all of these differences are constant. Seta 6-M is nearly always shorter 
than 7-T but it is longer in 5 of the 130 larvae available. Seta 1-M is finely 
attenuated in all cases but 1-I is very variable and conforms more nearly with 
the description of nepenthicola in 40/130 larvae. Seta 1-II is as described for 
microcala in all but 4 of these larvae, but in one of the 4 it is stout and blunt 
tipped also on III andIV. Setae 1-V-VII are finely attenuated in all larvae 
except in one case on VII. Seta 5-I-VII is consistently shorter than in nepenthi- 
cola especially on I and II where there is only a very slight overlap in absolute 
length affecting 2 or 3 specimens of either species. In contrast seta 11, on 

the abdomen, is often shorter in nepenthicola than in the present species, 
though with more numerous branches on segments I-V in the great majority of 
larvae. 

It will be seen from the foregoing (and from the key on p. 56) that while 
constant differences between the larvae of this species and nepenthicola are 
small they do exist, at least so far as can be judged from the available materi- 
al. They are, moreover, buttressed by partial differences which are diagnos- 
tic in the great majority of cases. This being so, I have little hesitation in 
maintaining them as distinct species. They clearly belong to an actively spe- 
ciating complex deserving of further study at the field and laboratory level. 

BIONOMICS. The type-series was collected from a single pitcher plant. 
Other published records are all from arboreal and terrestrial pitcher plants 
(Bohart 1945: 29, Baisas and Ubaldo-Pagayon 1953: 19, Basio, White and 
Reisen 1970: 449, Basio 1971: 85) except for one by Baisas and Ubaldo-Pagayon 
from "tree holes ?"'. This species and nepenthicola frequently occur in collec- 
tions with the same serial number, though it is not clear that this necessarily 
implies that they were found in the same pitchers or even the same plants. 
Basio, White and Reisen consider this, like nepenthicola, to be essentially a 
high altitude species. Nothing is known regarding adult bionomics. 


18. TRIPTEROIDES (TRICHOLEPTOMYIA) NEPENTHICOLA (BANKS) 
(Figs. 5, 39, 40) 


Wyeomyia nepenthicola Banks 1909: 550. 

Wyeomyia (Dodecamyia) mus Dyar 1920: 175. 

Wyeomyia nepenthicola of Edwards 1922: 444. 

Tricholeptomyia nepenthicola of Dyar and Shannon 1925: 73. 

Tripteroides (Tripteroides) nepenthicola of Edwards 1932: 78, Bohart 1945: 
30, Baisas and Ubaldo-Pagayon 1949: 65 and 1953: 103, Stone et al. 1959: 
67 and Basio 1971: 86. 

Tripteroides mus of Stone and Knight 1957: 119. 

Tripteroides (Rachionotomyia) nepenthicola of Stone 1963: 121 and Knight and 
Stone 1977: 318. 

Tripteroides (Tripteroides) nephenthicola of Basio et al. 1970: 441, 449 (lapsus). 
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FEMALE. Wing 2.9-3.4 mm. Head. Proboscis long, relatively slender, 
curved down strongly on apical one-third, 1.1-1.2 length of forefemur. Palps 
0.09 of proboscis. A few small pale scales at base of palp. Palps and pro- 
boscis otherwise entirely dark. Clypeus bare. Tori with small, flat pale 
scales on inner surface (bare in mus, ? rubbed). Antenna slightly less than 
0.5 proboscis. Occiput with broad, flat dull brown scales and a narrow band 
of whitish scales around eye margins broadening ventrolaterally. A few nar- 
row black upright scales and a small spot of broad pale scales on nape. 1-2 
slender, pale orbital bristles well out to either side. Thorax. Scutum with 
narrow brown scales, directed backward in midline, broader and directed 
obliquely outward and backward in lateral areas. Small, broad white scales 
on and at the sides of anterior promontory. Lateral margins with narrow 
white scales above paratergite and posterior to this as far as wing root. Dor- 
socentral bristles absent. 2-3 small prescutellar bristles present on either 
side. Scutellum with broad, flat brown scales on all lobes. Postnotum with 2 
pairs of small, black bristles. Anterior pronotal lobes and posterior prono- 
tum with small, flat whitish scales. Similar but somewhat larger and whiter 
scales on subspiracular area, all but the anteroventral portion of the sterno- 
pleuron and all or most of the mesepimeron. Paratergite bare. A single 
posterior pronotal bristle, 3-4 spiracular bristles, 2-3 of them unusually 
large, 2-3 prealars and 2 lower sternopleurals. Legs. All femora pale below 
to tip. All claws simple. Foreclaws curved, unequal, midclaws curved, sub- 
equal, hindclaws almost straight except at tip, unpaired. Wing. Outstanding 
scales on upper wing field very narrow. Upper calypter with 3-5 hairlike 
scales. Upper fork cell 1.1 length of its stem. MHalter. Knob dark, stem 
pale. Abdomen. First 2 segments as in the male (Fig. 5), remainder not 
seen. Terminalia, Not seen. 

MALE (Figs. 5, 39). Wing 2.8-3.2 mm. Antenna moderately plumose, 
slightly less than half length of proboscis. 2-3 well developed prescutellar 
bristles present on either side. Upper fork cell 0.8-1.2 length of its stem. 
Claws much as figured for voxasi (Fig. 3). Terminalia (Fig. 39). Dististyle 
relatively short. Basal lobe of basistyle with 2 bristles longer and stouter 
than the rest, 1 shorter than the other. Paraprocts with 2-3 large teeth and 
1-3 smaller ones at apex. Phallosome as figured. IXth tergite with lobes 
short, moderately to closely approximated, each with 8-16 short, stout setae. 

PUPA (Fig. 39). Trumpet very broad. Seta 1-C short, slender, 8-C 
longer and stouter, single to trifid; 1-I single or bifid, 1-III-V stout, single or 
bifid; 6-III-VI similar (trifid on one side of VI in one specimen), 0.4-0.8 
length of the following segment on III and IV, 0.4-0.7 and 0.3-0.7 on V and VI 
respectively; 9-VII with 3-8 branches, 9-VIII with 6-13. Paddles 1.1-1.3 as 
long as their greatest: breadth, as figured or more smoothly rounded at apex, 
i.e. with a similar variation to that found in microcala (Fig. 37). 

LARVA (Fig. 40). Head very narrow, almost half as long again as broad. 
Mouthbrushes with inner setae pectinate as usual. Palatal setae broad and 
coarse toothed, much as in barvaudi (Fig. 34). Seta 1-A as figured; 1-C 
small, at most moderately stout, 4-C with 4-17 delicate branches, 5-C single 
to hexafid, 6-C single, 7-C with 2-10 branches, 9-C with 3-8, 10-C with 2-4, 
11-C very small and delicate with 2-6 branches where seen, 14-C single to 
trifid, 15-C bifid to pentafid, mentum with 4-6 teeth on either side of the cen- 
tral tooth. Thorax. Seta 0-P with 3-7 branches, 1-P single to trifid, 4-P 
single to tetrafid, 7-P single or bifid, 8-P with 3-7 branches, 13-P with 2-7, 
14-P with 3-12; 1-M straight, relatively stout, slightly blunted at tip as in 
the figure, 6-M straight, without basal arm, 1.3-3.2 length of 7-T, usually 
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more than 2.0, 13,14-M minute, 13-M with 2-8 branches, 14-M, where seen, 
with 2-6; 1-T short, single to trifid, 2-T single to pentafid, 4,5-T minute, 
single to pentafid, 7-T with basal arm on one side of one specimen, otherwise 
simple, 8-T minute with 2-6 branches, 13-T with 6-18. Abdomen. Seta 1-I- 
VII stout, straight, single, more or less blunt tipped as figured for 1-M; 2-I 
with 2-7 branches, 3-I single to trifid, 5-I with 2-5 branches; 6-I-VI and 7-I- 
II single, 9-I with 2-3 branches, 11-I with 5-19, 13-I with 2-10; 0-H-VII min- 
ute, 2-II single to tetrafid, 3-II single to trifid, 5-II with 2-3 branches, 9-II 
with 2-4, 11-II with 7-20, 13-II single to trifid, 14-II-VI minute; 2-III single to 
trifid, 7-III single to trifid, 8,9-III single or bifid, 11-III with 4-18 branches, 
13-III single; 2-IV single to trifid, 3-IV single or bifid, 5-IV with 2-4 bran- 
ches, 7-IV single to tetrafid, 8-IV single to trifid, 9-IV single to bifid, 11-IV 
with 5-21 branches, 13-IV single; 2-V single to pentafid, 3-V single to trifid, 
d-V with 2-3 branches, 7-V with 2-4, 8-V with 2-5, 9-V single to trifid, 11-V 
with 3-14 branches, 13-V single or bifid; 2-VI single to pentafid, 3-VI single, 
o-VI single to trifid, 7-VI with 2-4 branches, 8-VI with 3-8, 9-VI stouter than 
on I-V, occasionally a small but conspicuous spine, 11-VI single or bifid, 
13-VI minute with 3-4 branches; 2-VII single to tetrafid, 3,5-VII single to 
trifid, 6-VII with 3-6 branches, 8-VII with 3-8, 9-VII single or bifid, as on VI, 
11-VII single or bifid, 13-VII minute with 2-6 branches. Comb with 11-18 
teeth, the individual teeth as figured. Seta 1-VIII single to tetrafid, 3-VIII with 
3-13 branches, 5-VIII with 3-8, 14-VIII minute or absent. Saddle edge with a 
few small, delicate fringed scales. All setae on segment X single, 3-X about 
6.5-9.0 length of saddle. Anal papillae slender, cylindrical 1.2-2.4 length of 
the saddle. Siphon 1.4-1.9 length of saddle. Pecten with 4-7 teeth on either 
side of the midline, individual teeth as figured. Seta 1-S single or bifid, un- 
paired, la-S single or bifid, 1-2 in all, 2a-S single, 1 occasionally bifid, 2-4 
in number on either side of the midline, lateral seta small and very delicate 
with 2-7 branches. 

TYPE-DATA. Banks’ types are lost. His remaining specimens, all in the 
U.S.N.M., are fragmentary. They comprise 2 males with the same reference 
number as his type-series (8159, see Banks 1909: 551) and 1 male and 1 female 
with the reference number 11390. All 4 specimens bear Banks' own identifica- 
tion label. Both males numbered 8159 have terminalia on slides. One is re- 
duced to head, thorax and 1 leg and the other to part of the abdomen, ona 
paper point. I have marked the former, with the accompanying slide, as lec- 
totype. The female numbered 11390 is the best of the available specimens for 
external characters and I have marked this as allolectotype. Tvripteroides 
mus is represented solely by the male on pin with terminalia on slide, chosen 
as lectotype by Stone and Knight (1957: 119 and the allotype female on pin, 
both fragmentary, in U.S.N.M. | 

DISTRIBUTION. PHILIPPINES. Luzon. Laguna Prov., Famy Jungles 
(Sierra Madre); 4 P, 19 L, 41, 3 lp; Los Banos (type-locality of mus); 1°, 

12; Mountain Prov., Trinidad, Benguet (type-locality); 3°, 12; Banaue (north), 
Banaue-Bontoc Road; 4%, 12, 1 P, 20 L, 11, 3 lp; Quezon Prov., Baler, 
Tayabas, Bongabon-Baler Road (Sierra Madre); 3°, 4 L, 2 lp. 

Records from literature. Baisas and Ubaldo-Pagayon (1953: 19) give 
additional records from Mt. Maquiling (sic), Los Banos (Sierra Madre), 
in Laguna Province and from, Llavac jungles, Infanta (Sierra Madre) in 
Quezon Province. The same authors have a record from Baguio (? = 
Baguio, Mindanao and not the locality of the same name in Luzon). Basio, 
White and Reisen (1970: 449) have a record from the Mt. Makiling area. 

Basio (1971: 86) describes this species as widely distributed from Luzon 
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to Mindanao but gives no further details. 

TAXONOMIC DISCUSSION. The only female surviving from Banks' series 
is very incomplete, lacking the antennae, wings and abdomen. The foregoing 
description is based on this specimen supplemented by the only female remain- 
ing from the material described by Baisas and Ubaldo-Pagayon and the allo- 
type of mus. Both these are also incomplete. The former is reduced to thor- 
ax, wings, forefemur, mid- and hindlegs, claws (on slide) and first 2 seg- 
ments of abdomen. The latter lacks hindtibia and tarsi and abdomen. All the 
material, with the possible exception of the types of mus which are affected 
by phenol, appears to have faded as shown by the fact that Banks describes 
the scutal scaling (of the male) as "blue-black" while Baisas and Ubaldo- 
Pagayon imply that the color of these scales is as in delpilavz in which they 
are described as "dark brown"’. Banks’ males are also fragmentary. The 
antenna is missing in all cases but 1 wing is available as are a slide of the 
claws and 2 slides of terminalia. The type of mus is reduced to thorax, legs 
and terminalia (on slide). The hindclaws are missing. Baisas and Ubaldo- 
Pagayon's material includes 7 pinned males, some in fair condition, and 7 
slides of terminalia. Banks' female differs from the remainder of the materi- 
al in having the prescutellar bristles very feebly developed (in contrast to the 
males). However, some of the unassociated females attributed by Baisas and 
Ubaldo-Pagayon to microcala also have these bristles rather poorly developed. 
The lobes of the [Xth tergite in Baisas and Ubaldo-Pagayon's males are less 
closely approximated than in Banks' males or in the holotype of mus but with 
some variation. As noted by Baisas and Ubaldo-Pagayon (1953: 9) the synon- 
ymy of this species vis-a-vis delpilari, microcala and mus is highly conjec- 
tural. In view of the fragmentary nature of the type material it seems likely 
to remain so. I would not feel justified in altering the accepted synonymy on 
the available evidence. For further discussion see under microcala (p. 66). 

BIONOMICS. Banks' material is said to have been ''collected as larva 
from pitchers of Nepenthes alata Bl.’' The types of mus came from pitchers 
of '"Nepenthes", Baisas and Ubaldo-Pagayon's material came from "ground 
and arboreal pitcher plants”. 


19. TRIPTEROIDES (TRICHOLEPTOMYIA) ROXASI 
BAISAS AND UBALDO-P AGAYON 
(Figs. 3, 6, 9, 41, 42) 


Tripteroides (Tripteroides) roxasi Baisas and Ubaldo-Pagayon 1953: 103. 


FEMALE (Figs. 3, 6, 9). Wing 3.2-3.7 mm. Head. Proboscis long 
and slender, about 1.1-1.3 length of forefemur, 1.0-1.3 of abdomen. Palps 
about 0.08-0.10 of proboscis. Palps and proboscis entirely dark. Antenna 
about 0.5-0.6 of proboscis. Clypeus bare. Tori with a few minute, flat 
scales on inner surface. Occiput with broad, flat, dark brown scales without 
iridescent reflection, a narrow border of broad, white scales, with bluish 
tinge around eye margins, expanding ventrolaterally, anda small, indistinct 
spot of similar scales in midline towards nape. Some narrow, dark upright 
scales on nape. Eyes contiguous. 2 orbital bristles far out to either side. 
Thorax. Scutum with narrow, curved white scales on anterior margin, a 
median longitudinal band of very narrow pale to mid-brown scales, directed 
backward, and similar but somewhat broader scales, directed obliquely out- 
ward, laterad of these. Dorsocentral bristles absent. 2-4 pairs of prescu- 
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tellars present. Scutellum with broad, flat, pale brown scales on all lobes. 
Postnotum with a conspicuous tuft of bristles, relatively long, stout and dark 
in some, but not all, specimens. Anterior pronotal lobes with small, flat 
white scales on anterior margin and anterolateral corners, similar, but pale 
brown scales elsewhere. Posterior pronotum with small, flat white scales 
with pronounced blue reflection. One posterior pronotal bristle, 1-3 spiracu- 
lars. Subspiracular area, upper and lower posterior portions of sternopleuron 
and most of mesepimeron covered with broad, white scales. Paratergite bare. 
One small and one larger prealar and 2-4 lower sternopleural bristles present 
and a well developed upper mesepimeral tuft. No lower mesepimeral. Legs. 
Femora pale below to tip. Claws (Fig. 3) simple, one fore-and one midclaw 
somewhat longer and less curved than the other. Hindclaw unpaired. Wing. 
Outstanding scales on upper surface narrow, linear, slightly broader toward 
tips of Ro and Rg. Alula with narrow fringe scales only. Upper calypter with 
about 5-8 hairlike scales. Upper fork cell 1.3-1.4 length of its stem. 

Halter. Head dark. Abdomen (Fig. 6) with pale apicolateral triangles on 
segments I-VII continuing narrowly to base on anterior segments and extending 
inwards to form narrow apical bands on II-VI, these bands absent or incom- 
plete onI and II. Sternites I-VII pale, VIII dark. Terminalia (Fig. 9). Post- 
genital plate shallow with apex indented. IXth tergite with 9 bristles on one 
lobe, 11 on the other. Insula with 7 peripheral bristles on either side, without 
posterolateral bristles. 

MALE (Figs. 3, 41). Wing 3.0-3.2 mm. Antenna moderately plumose, 
about 0.5 length of proboscis. Upper fork cell about 0.9-1.1 length of its 
stem. Claws as in Fig. 3. Terminalia (Fig. 41). Dististyle relatively short, 
markedly swollen on the distal half especially when seen in side view as in the 
figure. Basal lobe of basistyle with 2 setae longer and stouter than the others. 
Paraproct with 2-3 teeth at apex. Phallosome as figured. Lobes of [xXth ter- 
gite closely approximated, each with 10 or more setae. 

PUPA (Fig. 41). As figured. Setae 1-C and 1-I greatly reduced. Setae 
5-IV,V relatively stout, single, plumose (5-IV double on one side of one speci- 
men). The remaining setae, except 9-VII, VIII all small or very small. 9-VII 
and VIII with 7-10 and 12-19 branches respectively. Paddle edges with minute 
spicules only visible under high power, still smaller spicules over all or most 
of the general surface. Paddles about 1.1-1.3 as long as their greatest 
breadth. 

LARVA (Fig. 42). Head very narrow, about 1.3-1.4 as long as broad. 
Seta 1-C stout, but less so than in wevnevi. Remaining head setae all small 
or very small, single except as follows: 4-C with 2-3 branches, 5-C 3-7, 

7-C 2-5, 9-C 5-9, 10-C 2-7, 11-C 4-7, 15-C single to tetrafid, 8-C not seen. 
Thorax. Setae 0-7-P arising from a common tubercle, the larger setae stout 
and single on all segments (7-T bifid in one specimen); seta 6-M 1.1-1.2 length 
of 7-T, smaller setae mostly minute, single except as follows; 0-P with 3-6 
branches, 4,13-P single to trifid, 14-P single or bifid; 1-M minute with 4-10 
branches, 8-M with 4-9, 11-M single or bifid, 13-M with 5-10 branches, 14-M 
with 5-9; 1-T with 3-7, 2-T single to trifid, 4-T with 3-9 branches, 5-T single 
to tetrafid, 6-T single to pentafid, 8-T with 5-7 branches. Abdomen. Larger 
setae stout and single, linked by transverse, lightly sclerotized bands on seg- 
ments I-VI. Seta 11-I double on one side of one specimen, 13-I-III bifid or 
trifid, single on segment I of one specimen. Smaller setae mostly minute, 
single except as follows; setae 2,9-I with 2-5 branches, 3, 4-I single or bifid; 
2-II with 2-4 branches, 3-II single or bifid, 4, 8-II single to trifid, 9-II with 
2-4 branches; 2-III with 2-5, 3-III single or bifid, 4-III single to trifid, 7-III 


72 Contrib. Amer. Ent. Inst., vol. 17, no. 5, 1981 


single to tetrafid, 8-III single to trifid, 9-III with 2-5 branches; 2-IV with 3-4, 
3, 4-IV single to trifid, 7-IV with 2-6 branches, 8-IV single to trifid, 9-IV with 
2-5 branches, 13-IV with 3-8 (a stout, unbranched spinule on one side in the 
holotype); 2-V with 2-4, 3-V single or bifid, 4-V single to trifid, 7-V single or 
bifid, 8-V single to trifid, 9-V single to pentafid, 10,12-V single or bifid, 
13-V with 2-8 branches; 2-VI with 2-5, 4-VI single to trifid, 7-VI single or 
bifid, 8-VI with 3-7 branches, 9-VI with 3-5, 10-VI single or bifid, 13-VI with 
5-7 branches; 2-VII with 3-4, 6-VII with 2-5, 7-VII single or bifid, 8-VII with 
3-5 branches, 9-VII with 4-7, 10-VII single or bifid, 13-VII with 3-7 branches. 
Comb with 3-7 strongly toothed spines. Seta 1-VIII with 5-8 branches, 2-VIII 
single or bifid, 3-VIII single to pentafid, 5-VIII with 2-5 branches. Saddle 
edge with small fringed spicules. All setae on anal segment single, 3-X 2.0- 
3.0 length of saddle. Anal papillae variable in shape, cylindrical or ovate, 
1.0-2.0 length of saddle. Siphon 0.9-1.0 length of saddle. Pecten teeth large 
and conspicuous, 5-8 in number on either side of the midline occupying about 
the distal 0.6-0.8 of the siphon. All setae on siphon single except the small 
lateral seta which has 4-6 branches. (One seta 2a bifid in one specimen). 

Seta 1 paired in holotype, otherwise unpaired, la ina single row, 2-4 in num- 
ber, 2a 4-6 in all, in 2 rows. 

TYPE-DATA. Holotype male, No. 1093-10, on pin, allotype female, No. 
1093-12, on pin, both with associated larval and pupal skins on slides. Both 
in U.S.N.M. 

DISTRIBUTION. PHILIPPINES. Mindanao. Sumilao, Bukidnon (type- 
locality); 110%, 9°, 4 L, 5p, 6 Ip. 

TAXONOMIC DISCUSSION. As indicated by Baisas and Ubaldo-Pagayon, ~ 
this species is very closely related to werneri, differing mainly in the degree 
of development of the larger larval setae. The adults appear indistinguishable. 
The small difference in pupal paddles and somewhat shorter siphon may or 
may not prove taxonomically significant when more material is available. For 
further discussion see under werneri (p. 73-74). 

BIONOMICS. All the available specimens were bred from terrestrial 
pitcher plants (Baisas and Ubaldo- Pagayon 1953: 19, 103). 


20. TRIPTEROIDES (TRICHOLEPTOMYIA) WERNERI 
BAISAS AND UBALDO-PAGAYON 
(Figs. 6, 10, 43, 44) 


Tripteroides (Tripteroides) wernevi Baisas and Ubaldo-Pagayon 1953: 111 


FEMALE (Figs. 6, 10). Wing 4.1 mm. (3.5 mm. in the allotype fide 
Baisas and Ubaldo-Pagayon). Head. Proboscis long and slender, 1.4 length 
of forefemur, 1.2 of abdomen. Palps about 0.08 of proboscis. Palps and pro- 
boscis entirely dark. Clypeus bare. Tori without scales. Antenna about 0.5 
length of proboscis. Occiput with flat brownish scales without iridescent re- 
flection, a wide border of broad creamy scales around eye margins, expand- 
ing ventrolaterally, whiter with bluish reflection at sides, and a narrow indis- 
tinct median longitudinal line of whitish scales. Upright scales on nape not 
seen. Two orbital bristles arising well out to either side. Thorax, Scutum 
with some small, broad, whitish scales on anterior promontory, narrow, 
curved, pale brown scales on anterolateral areas and some remnants of still 
narrower scales in the median area, otherwise denuded. No dorsocentral 
bristles, 4 pairs of prescutellars. Scutellum denuded. Postnotum with a tuft 
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of pale, slender bristles. Anterior pronotal lobes with small, broad, flat 
whitish scales on anterior margin and anterolateral corners, similar, but 

pale brown scales elsewhere. Posterior pronotum with flat white scales 

with subdued bluish reflection. One posterior pronotal bristle, 3 stout and 2 
finer spiraculars. Subspiracular area, all but the anteroventral portion of the 
sternopleuron and much of the mesepimeron covered with broad, flat, whitish 
scales. Paratergite bare. Four well developed lower sternopleural and 2 very 
small prealar bristles present. Legs. Femora pale below to tip. Claws not 
mounted, all simple, apparently much as in voxasi (Fig. 3), the hindclaw un- 
paired. Wing. Outstanding scales on upper surface narrow, slightly broader 
toward tip of Rg and Rg. Upper calypter with 0-6 hairlike scales. Upper fork 
cell 1.3 length of its stem. Halter. Head dark. Abdomen(Fig. 6). Ter- 
gites dark above with narrow, but more or less complete, pale apical bands on 
segments III-VII, slightly broader laterally. Ventral and ventrolateral aspects 
not clearly visible in the available specimens but apparently much as in voxasi 
(p. 71). Sternites pale except for the VIIIth which is dark. Terminalia (Fig. 
10). Postgenital plate excavated apically. I[Xth tergite with very numerous 
bristles (13 on one side, 14 on the other) extending onto the main surface. 
Insula with 9 peripheral bristles on one side, 10 on the other, but without pos- 
terolateral bristles. 

MALE (Fig. 43). Wing 3.5-4.0 mm. Antenna moderately plumose, about 
0.5 length of proboscis. Scutum with a narrow median longitudinal stripe of 
narrow, pale brown scales, pointing backward, and with similar but broader 
scales, directed outward, to the sides of this, otherwise as described for the 
female. Scutellum with broad, flat, pale brown scales on all lobes. Upper 
fork cell about 1.1-1.2 length of its stem. Claws much as in roxasi (Fig. 3). 
Apical pale band on tergite II only narrowly interrupted in the middle. Ter- 
minalia (Fig. 43). Dististyle relatively short, swollen on the apical half. 
Basal lobe of basistyle with 2 setae longer and stouter than the others. Para- 
proct with 2-3 large and 2 smaller teeth at apex. Phallosome as figured. 
Lobes of [Xth tergite closely approximated and with numerous stout apical 
setae. 

PUPA. Asfigured (Fig. 43). Closely similar tothat of voxasi(p. 71). 
Paddles with 2-3 rows of minute marginal spicules (Somewhat exaggerated in 
the figure) visible only under high magnification, slightly longer than in the 
longest voxasi and without the minute spiculation on the general surface seen 
in that species, about 1.2-1.3 as long as their greatest breadth. 

LARVA (Fig. 44). Closely resembles that of roxasi differing strikingly, 
however, in the greater development of the large, unbranched thoracic and 
abdominal setae as noted in the key (p. 56). The smaller setae are mostly 
minute setulae, as in voxasi. These differ slightly in range of branch numbers 
but there is much overlapping. Examples are setae 4-C with 2-6 branches, 
10-C with 3-6, 15-C with 2-5, 8-M with 3-6, 14-M with 1-7; 2-I single or bifid, 
4-I, 9-II and 2-III single to trifid, 13-VI with 2-9 branches, 5-VIII single to 
octafid, 14-VIII not seen. Other differences are as follows: seta 1-C con- 
siderably stouter, comb with 6-8 teeth, siphon 1.1-1.3 length of saddle, pec- 
ten with 4-9 teeth on either side. 

TYPE-DATA. Holotype male, No. 1121-5, on pin with associated larval 
and pupal skins on slide, allotype female, No. 1121-4, on pin with terminalia 
on slide. Both in U.S.N.M. 

DISTRIBUTION. PHILIPPINES. Mindanao. Davao City, eastern 
slope of Mt. McKinley (type-locality); 2c’, 29, 7L, 11, 2 lp, eastern 
Slope of Mt. Apo; 2 L. 

TAXONOMIC DISCUSSION. The differences between this species and roxasi 
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are small and I agree with the suggestion by Baisas and Ubaldo-Pagayon that 
they may well be conspecific. These authors point to the similar situation as 
between microcala and nepenthicola which also differ mainly in the degree of 
development of various unbranched larval setae. The situation vis-a-vis 
aranoides and tenax and nepenthis and nepenthisimilis seems to me also to be 
comparable, though here the difference is mainly in the degree of branching of 
the setae concerned. The holotype and allotype of the present species were 
collected at approximately 5, 800 ft., as were the whole larvae. Of the other 2 
adults, the male was collected resting on a tree at about 3, 800 ft. and the fe- 
male on the wing at about 3,000 ft. Although Baisas and Ubaldo-Pagayon treat 
these as paratypes their association with the holotype appears to have been 
made purely on distributional grounds since the adults are considered by them 
to be indistinguishable from those of voxasi. The distribution of the present 
species is said to extend from 3,000 to 7,000 ft. which would suggest that all 
but one of the whole larvae, which were collected some days after the types, 
were found partly at lower and partly at higher altitudes. This is not, however, 
stated. Tvripteroides roxasi has been found only at lower altitudes (2, 000 ft. 
or less). It thus seems possible that the marked difference in setal develop- 
ment may be, at least in part, a temperature effect. In my view there is suf- 
ficient variation among the small number of larvae available to render this 
quite possible. Nevertheless, having regard to the particular interest attach- 
ing to larval chaetotaxy in the present genus I prefer to maintain them as sep- 
arate species until the matter can be properly investigated. 

BIONOMICS. Apart from the 2 specimens taken as adults this species is 
known only from arboreal pitcher plants (a further small difference from 
-roxasi which was found in pitcher plants on the ground). 


BELKINI SUBGROUP 


The short, stout proboscis in both sexes of adult and the curious larval 
comb teeth are unique in the subgenus. The comparatively broad larval head 
might be thought to relate the only species here included to apoensis and bar- 
yvaudi rather than to the other species in the Nepenthicola Group, all of which 
have the head very narrow. Apart from this there appears to be little indica- 
tion as to its immediate affinities. 


21. TRIPTEROIDES (TRICHOLEPTOMYIA) BELKINI 
BAISAS AND UBALDO-PAGAYON 
(Figs. 2, 4, 7, 45, 46) 


Tripteroides (Tripteroides) belkini Baisas and Ubaldo-Pagayon 1953: 80. 


FEMALE (Figs. 2, 4, 7). Wing 2.7-3.2 mm. Head (Fig. 2). Proboscis 
shorter and stouter than in other members of the subgenus, distinctly swollen 
apically, 1.0-1.1 length of forefemur, equal in length to abdomen. Palps about 
0.15 of proboscis. Palps and proboscis entirely dark. Clypeus and tori bare. 
Antenna about two-thirds of the length of the proboscis. Occiput with flat, dark 
brown scales with bronzy reflection and a narrow border of white scales around 
eye margins expanding ventrolaterally. Some narrow dark upright scales with 
expanded tips on nape. 1-2 orbital bristles present far out on each side. Scu- 
tum with very narrow dark scales with golden or bronzy reflection. No white 
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scales on anterior border so far as can be seen. 3-4 prescutellar bristles 
present, no dorsocentrals. Scutellum entirely covered with snow white scales. 
Postnotum with a small tuft of bristles. Anterior and posterior pronotum with 
broad white scales. A single posterior pronotal bristle, 3-4 unusually large 
spiraculars. Pleura badly rubbed, broad white scales present on subspiracular 
area and most of sternopleuron and mesepimeron. Paratergite bare. 3-4 pre- 
alar bristles present and 4-5 lower sternopleurals. Legs. Femora pale below 
to tip, more broadly so toward base. All claws simple, fore- and mid-pairs 
each with one distinctly smaller than the other, hindclaws unpaired. Wing. 
Outstanding scales on upper surface narrow. Upper calypter with 4-6 hairlike 
scales. Upper fork cell equal in length to its stem. Halter. Head entirely 
dark. Abdomen (Fig. 4). First tergite pale scaled, the others dark above 
with narrow, whitish lateral longitudinal bands tending to expand posteriorly 

to form small apicolateral triangles on segments IV-VII. Sternites entirely 
pale except for VIII which is dark. Terminalia (Fig. 7). Apex of postgenital 
plate deeply cleft. IXth tergite with 15 setae on either lobe in the specimen 
examined. Insula with 4-5 peripheral setae on either side and 2-3 in the pos- 
terolateral corners. 

MALE (Figs. 2, 45). Wing 2.6mm. Antenna moderately plumose, about 
two-thirds of the length of the proboscis. Upper fork cell 0.9-1.0 length of its 
stem. Foreclaws, one large and toothed, the other much smaller and simple. 
Midclaws also very unequal, both simple. Hindclaws slender, only slightly 
curved, simple, unpaired. Abdomen. As in the female but with the apicolater- 
al pale triangles tending to be better developed and in 3 specimens forming 
complete, or almost complete, apical pale bands. Terminalia (Fig. 45). Dis- 
tistyle without special features. Basal lobe of basistyle with 2-3 bristles longer 
and stouter than the remainder. Paraproct with 2-3 large teeth and 1 small 
one at apex. Phallosome as figured. Lobes of [Xth tergite each with 15-18 
flattened setae. 

PUPA (Fig. 45). Trumpets similar in shape to those of related species but 
smaller. Seta 1-C small and delicate, of the same order of length as the other 
cephalothoracic setae. 1-I slender, short with 3-5 branches, 1-II-V more 
strongly developed than other setae on these segments but shorter than the fol- 
lowing segments; 9-VII shorter than the following segment, with 4-7 branches, 
9-VIII shorter than, or about equal in length to, the paddles, with 11-16 bran- 
ches. All other setae very small, as figured. Paddles short and narrow, 1.3- 
1.5 as long as their greatest breadth, the edges minutely spiculate, as figured 
in the holotype, less conspicuously so in the other specimens. 

LARVA (Fig. 46). Head. Relatively broad, approximately equal in length 
to its greatest breadth. Palatal setae relatively slender, much as in chvristo- 
phersi (Fig. 36). Seta 1-C moderately stout, not strongly curved, 4-C with 
0-8 branches, the inner 1 or 2 tending to be longer and stouter, 5-C with 3-4, 
7-C with 2-5, 9-C, where seen, with 4, 10-C with 3-4, 11-C with 3,12,13-C 
single or bifid, 15-C bifid to pentafid. Thorax. Seta 0-P with 3-6 branches, 
1-P with 2-4, 4-P single to tetrafid, 7-P single or bifid, 8-P with 3-6 bran- 
ches, 13-P with 2-3, 14-P with 5-7; 1-M single to tetrafid, 2-M bifid to tetra- 
fid, 4-M single to trifid, 6-M 1.4-2.0 length of 7-T, 7-M single or bifid, 

13-M with 6-10 branches, 14-M, where seen, with 4-6 branches; 1-T with 3-8 
branches, 2-T and 4-T, where seen, with 5 and 2-4 respectively, 5-T with 

3, 7-T without basal arm, 8-T with 3-7, 13-T with 5-12. Abdomen. Seta 1-I 
with 4-9 branches, 2-I with 5-10, 3-I with 2-5, 5-I with 6-10, 9-I with 2-4, 
11-I with 9-20, 13-I with 3-8, short and spinose; 1-II with 4-9, 2-II with 5-9, 
4-II single to tetrafid, 5-II with 5-10 branches, 8-II with 2-3, 9-II with 2-4, 
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11-II with 10-19, 12-II with 2-4, 13-II with 3-7, as figured or more nearly 

normal; 1-III with 3-7, 2-III with 4-9, 4-III single to tetrafid, 5-III with 5-9 
branches, 7-III with 2-5, 8-III with 2-4, 9-III single to trifid, 11-III with 
13-20, 13-III single to heptafid, as described for 13-II; 1-IV-VII long, stout, 
single, 2-IV with 4-10 branches, 5-IV with 5-10, 7-IV with 2-4, 8-IV with 2-5, 
9-IV with 2-4, 11-IV with 15-24, 13-IV,V slender, single, 2-V with 3-8 bran- 
ches, 4-V single or bifid, 5-V with 4-10 branches, 7-V with 3-4, 8,9-V with 
2-5, 11-V with 13-22; 2-VI with 3-7, 5-VI with 4-11, 8-VI with 5-8, 9-VI with 
3-5; 2-VII with 4-7, 5-VII with 7-12, 6-VII with 5-9, 7-VII with 2-3, 8-VII 
with 5-12, 9-VII with 6-7, 12-VII with 2-6. Comb with 6-10 teeth, each with 
coarse lateral denticles and the median denticle modified to form a flattened 
scale with fringed apex. Seta 1-VIII with 3-9 branches, 3-VIII with 4-8, 
4-VIII single to trifid, 5-VIII tetrafid or pentafid. Saddle edge with minute 
fringed scales. All setae on anal segment single. Seta 3-X about 4.5-5. 5, 
anal papillae about 1.0-1.5 and siphon about 1.4-1.6 length of the saddle. 
Pecten with 4-9 teeth in all, arising close to the midline and confined to the 
apical half to three-fifths of the siphon. Seta 1-S single or bifid, unpaired, 
1la-S reduced to 1-2 unbranched setae, 2a-S all single, 5-7 in number, lateral 
seta minute with 4-5 branches. 

TYPE-DATA. Holotype male, No. 2023-1, on pin with associated larval 
and pupal skins and terminalia on slides, allotype female, No. 2023-5, on pin 
with associated skins on slide. Both in U.S.N.M. 

DISTRIBUTION. PHILIPPINES. Palawan. Bacungan, Puerto Princesa 
(type-locality): 7o; 6Y,; 3 P):3 2b, 2 Ip, 3 L. 

TAXONOMIC DISCUSSION. This species is quite distinct in all stages and 
appears to present no taxonomic problems. 

BIONOMICS. All the available material came from arboreal pitcher plants 
(Baisas and Ubaldo-Pagayon 1953: 18, 80). The remarkable comb teeth are 
probably associated with the fact that the inner mouthbrush setae are more 
slender than in other species. 


DELPILARI GROUP 


The only included species, delpilari, possesses most of the key features 
of subgenus Tricholeptomyia (single hindclaw of male, very short seta 1-C of 
pupa, absence of larval maxillary suture, small setae 8-M and 8-T (though 
larger than in the Nepenthicola Group), minute lateral seta on siphon). At the 
same time it differs from all other species in the subgenus, and is annectant 
to other subgenera in the strongly developed seta 1-I of the pupa, broad larval 
head and strongly developed siphonal setae la and 2a. The narrow, or moder- 
ately narrow, head of other species in the subgenus is possibly associated with 
the confined spaces at the base of the pitchers in which the larvae are found. 
Suppression of the pupal float hair may be similarly adaptive. The larval 
bionomics of the present species seem likely to differ significantly from those 
of the others. 


22. TRIPTEROIDES (TRICHOLEPTOMYIA) DELPILARI 
BAISAS AND UBALDO-PAGAYON 
(Figs. 4, 8, 47, 48) 


Tripteroides (Tripteroides) delpilavi Baisas and Ubaldo-Pagayon 1953: 91. 
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FEMALE (Figs. 4, 8). Wing 2.9-3.8mm. Head. Proboscis long and 
slender, about 1.2 length of forefemur, 1.1 of abdomen. Palps about 0.1 of 
‘proboscis. Palps and proboscis entirely dark. Clypeus and tori bare. Anten- 
na about 0.95 length of the proboscis. Occiput with flat, dark scales with 
bronzy reflection, the narrow white border to the eyes very narrow, expanding 
ventrolaterally as usual, a few dark upright scales with expanded tips on nape. 
2 orbital bristles far out to either side. Thorax. Scutal scales narrow, mid- 
to dark brown with reddish reflection, narrower in the central region, where 
they are directed backward, somewhat broader and directed obliquely toward 
the sides. Pale scales present on anterior border and forming two small 
patches above the wing roots. Dorsocentral bristles absent. 2-4 prescutellars 
present. Scutellum with dark scales on all lobes. Postnotum with a conspicu- 
ous tuft of dark bristles. Anterior pronotal lobes with white scales with faint 
metallic reflection on anterior border, somewhat darker scales behind. Pos- 
terior pronotum with only moderately broad, whitish scales. A single posteri- 
or pronotal and 2-3 spiracular bristles present, 1-2 of the latter unusually 
large. Subspiracular area, upper and posteroventral positions of sternopleuron 
and most of the mesepimeron with broad, whitish scales. Postspiracular area 
and paratergite bare. 4-6 prealar and about 4-6 lower sternopleural bristles 
present. Legs. Femora pale below to tip. Fore- and midclaws subequal, one 
member of each pair a little smaller than the other. Hindclaw simple, 
unpaired. Wing. Outstanding scales on upper surface narrow. Upper calypter 
with 3-7 bristle-like scales. Upper fork cell 1.1-1.2 length of its stem. 
Halter. Head dark. Abdomen (Fig. 4) with tergites dark except for a uni- 
form, narrow, pale lateral border, invisible from above. Sternites pale 
except for VIII which is dark. Terminalia (Fig. 8). Postgenital plate with 
apex deeply indented. IXth tergite with 6-7 bristles on either lobe. Insula of 
normal shape (somewhat crumpled in the figure) with 5-7 peripheral bristles 
on either side and 2 smaller ones in the posterolateral corners (absent in one 
of the two specimens dissected). 

MALE (Fig. 47). Wing 2.8-3.2 mm. Antenna moderately plumose, about 
0.5 length of the proboscis. Upper fork cell 1.1-1.5 length of its stem. 

Claws much as in roxasi (Fig. 3). Hindclaw unpaired. Terminalia (Fig. 47). 
Dististyle relatively short. Basal lobe of basistyle with 1 seta much longer 
than the remainder and 1-2 others markedly thickened. Paraproct and phallo- 
some as figured. IXth tergite with lobes closely approximated each with 11-14 
short, stout setae. 

PUPA (Fig. 47). Trumpets unusually small, with little or no apical expan- 
Sion in any of the available specimens. Seta 1-C slender, single, shorter than 
8-C which is stout with 2-4 branches; 1-I strongly palmate; 5-IV Single or 
bifid, length of or a little longer than the following segment; 9-VII about half 
the length of segment VIII or less with 7-12 branches; 9-VIII shorter than the 
paddles with 11-19 branches. Other setae all very small as figured. Paddles 
more or less triangular with spicules on both borders but general surface 
bare, 1.2-3.0 as long as their greatest breadth. 

LARVA (Fig. 48). Head broad, about as broad as, or a little broader 
than, long, very dark, contrasting sharply with the remainder of the larva. 
Mouthbrushes with inner setae pectinate as usual. Palatal setae relatively 
slender, much as in christophersi (Fig. 36). Seta 5-C single to pentafid, 7-C 
with 3-5 branches, 8-C absent, 9-C with 5-10 branches, 10-C single to hexa- 
fid, 11-C with 2-9 branches, 14-C single or bifid, 15-C with 2-9 branches. 
Thorax, Seta 0-P with 11-22 branches, 1-P single or bifid, 7-P with 2-4 
branches, 8-P with 4-9, 13-P with 2-5, 14-P with 3-8; 1-M minute with 8-12, 
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2-M single or bifid, 6-M single, unusually long and slender, 8-M with 10-17 
branches, 13, 14-M with 10-20; 1-T with 6-14, 2-T with 2-10, 4-T with 7-11, 
o-T with 2-10, 7-T without basal arm, about 0.7-0.8 length of 6-M, 8-T with 
8-16 branches, 13-T with 4-12. Abdomen. Seta 2-I single or bifid, 4-I with 
3-6 branches, 5-I single or bifid, 9-I with 3-5 branches, 11-I with 3-12, 13-I 
with 3-7 varying in development from one specimen to another; 1-II with 6-8, 
2-II single or bifid, 4-II with 3-7 branches, 5-II single or bifid, 9-II with 2-4 
branches, 11-II with 5-15, 13-II single to tetrafid, minute; 1-III with 2-7 
branches, 5-III with 3-10, 7-III with 4-9, 8-III single or bifid, 9-III with 2-5 
branches, 11-III with 10-19; 5-IV with 3-11, 7-IV with 5-11, 8-IV single or 
bifid, 9-IV with 3-4 branches, 11-IV with 13-25, 13-IV with 1-3; 4-V with 
3-6, 7-V with 3-8, 8-V single or bifid, 9-V with 3-4 branches, 11-V with 
14-24, 13-V single or bifid; 7-VI single to trifid, 8-VI with 10-28 branches, 
9-VI with 3-9, 11-VI single to tetrafid, 13-VI with 3-8 branches; 6-VII with 
8-16, 8-VII with 10-26, 9-VII with 5-15, 10-VII with 3-11, 11-VII single to 
trifid. Comb with 9-12 teeth as figured, sometimes with an additional very 
small ventral tooth. Seta 1-VIII with 5-21 branches, 3-VIII with 4-12, 5-VIII 
single to heptafid. All 3 of these very small and delicate. Saddle edge with 
small pointed, fringed spinules. All setae on segment X single. Seta 3-X 
about 5.5-6.5 length of saddle. Anal papillae slender, pointed, about 1.5- 
2.3 length of saddle. Siphon 2.0-2.2 length of saddle. Pecten with 8-12 
teeth on either side of the midline, the individual teeth as figured, large and 
conspicuous. Seta 1-S single, unpaired, la-S and 2a-S unpaired and ina single 
row, 7-12 and 10-15 in number respectively, lateral seta with 2-5 branches. 

TYPE-DATA. Holotype male, No. P684-6, on pin with associated larval 
and pupal skins on slide, allotype female, No. P696-1, with associated skins 
and terminalia on slides. Both in USNM. 

DISTRIBUTION. PHILIPPINES. Luzon. Laguna Prov., Sierra Madre 
jungles, 1,000 ft., about 24 km from Famy (type-locality); 3%, 192, 22 L, 

3 lp; Quezon Prov., Baler, Tayabas (Sierra Madre); 1 L, 1 lp; Mountain 
Prov., Banaue; 12; Unnamed localities; 1%, 1°. 

Records from literature. Baisas and Ubaldo-Pagayon (1953: 18) give 
additional records from Mt. Maquiling (Sierra Madre), Los Banos, Laguna 
Prov. and Infanta, Llavac Jungles (Sierra Madre), Quezon Prov. The same 
authors (1953: 10) have a record from Mindanao (as ? var.) but see under 
nepenthicola (p. 69). | 

TAXONOMIC DISCUSSION. Although apparently indistinguishable from 
microcala (and probably nepenthicola) as adult this species differs from these 
and other species in the subgenus in numerous larval and pupal characters, 
the broad, dark larval head and strongly setose siphon and the strongly de- 
veloped seta 1-I and reduced setae 9-VII and -VIII being the most conspicuous. 
The long, stout seta 1-IV, shared only with voxasi and wernevi in the present 
subgenus, is annectant to subgenus Rachionotomyia as are the well developed 
pupal float hair and the broad larval head and strongly developed siphonal 
setae la and 2a, though not the small lateral seta on the siphon which is diag- 
nostic of subgenus Tvicholeptomyia. 

BIONOMICS. The series as a whole came with one exception from both 
arboreal and terrestrial pitcher plants. The holotype and allotype were col- 
lected at about 1,000 ft. (Baisas and Ubaldo-Pagayon 1953: 18, 19). The larva 
and pupa from Baler came from a rock hole. The possible bionomic signifi- 
cance of some of the unusual features of the larva and pupa is noted under the 
species group (p. 76). 
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SUBGENUS TRIPTEROIDES GILES 
Tripteroides Giles 1904: 369. Type-species Runchomyia philippinensis Giles. 


FEMALE. Palps about 0.05-0.15 length of the proboscis. Occiput with 
scales, at least on the forepart, with brilliant or deep blue reflection (silvery 
in aeneus, hybridus and nitidoventer). Orbital setae 1-3 in number, usually 2. 
Scutal scales narrow, usually very narrow, hairlike. Dorsocentral and pre- 
scutellar bristles usually present. Postnotum bare. Pleural scales and later- 
al pale scales on abdominal tergites with silvery metallic reflection. Sub- 
spiracular scales often absent, other pleural scaling sometimes reduced. All 
femora with discrete silvery markings on anterior surface except in aeneus 
which has them confined to the mid- or mid- and hind- and distigma in which 
they are confined to the hindfemur; tibiae and tarsi entirely dark. Scales on 
upper surface of wing narrow to moderately broad, usually broader on R9 and 
R3. | 

FEMALE TERMINALIA. Apex of postgenital plate with shallow emargina- 
tion at most. Insula with 2-8 peripheral setae on either side, usually 3-5, and 
1-10 in each posterolateral corner. Spermatheca usually single in Oriental 
species, trilobed in Australasian species except for littlechildi (Edwards). 

MALE. Palps very short, much as in female. Hindclaws always paired. 

MALE TERMINALIA. Mostly small, often retracted. Dististyle usually 
short and relatively stout, somewhat expanded apically, greatly broadened in 
some species, of more or less uniform width in others, never uniformly taper- 
ing. Lateral plate of phallosome always with sternal lobe which is usually 
ribbed or spiculate. Apical prolongation variously developed. 

EARLY STAGES. Separable from those of Rachionotomyia only at species 
level (see keys, p. 17, 18). 

DISTRIBUTION. Oriental region from northeastern India to Philippines and 
Taiwan, Japan, northern Australia, New Guinea, Solomons, Santa Cruz Is., 
Fiji. 

BIONOMICS. Most types of container habitat are utilized, including excep- 
tionally small tree holes and in a few cases plant pitchers. Tvripteroides 
bimaculipes occurs frequently in artificial containers. Lee (1946: 232) notes 
that this species bites freely in scrub and around jungle margins. I can con- 
firm this from my own observations in New Guinea. It prefers to bite at the 
edge of shade and is attracted to the tip of the nose or an outstretched finger. 
Among the Philippines species monetifer and nitidoventer are recorded as 
entering houses and biting man, and these species were repeatedly taken ina 
carabao-baited trap (Baisas and Ubaldo-Pagayon 1953: 15). Malayan species 
have been taken in catches but are said never to be troublesome; a female was 
taken attacking man at 30 ft. in the tree tops (Macdonald and Traub 1960: 10). 
The wild hosts are unknown. 


KEYS TO GROUPS OF SUBGENUS TRIPTEROIDES 
ADULTS 
The female of mabinii is no longer available for study. It appears from the 


description by Baisas and Ubaldo-Pagayon (1953: 60) to be inseparable from 
those of a number of species in the Nitidoventer Group. 
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Male with 1-2 verticillary hairs on segments 1-4 of antennal flagellum 
distinctly longer and stouter than the others, first hindtarsal segment 
with a conspicuous row of numerous long, flexible bristles at base, 
foreclaws exceptionally large and with unusually well developed 
SOIOOUIMIN Coa a ee sf he ge ee a ek ee ee Mabinii Group 

Male with antennal hairs unmodified (except in antennalis Bohart and 
Farner), first hindtarsal segment and foreclaws otherwise (somewhat 
similar in denticulatus Delfinado and Hodges). . . . Nitidoventer Group 


EARLY STAGES 


See keys onp. 17, 18. 


NITIDOVENTER GROUP 


This is a very large group, as at present constituted, containing 48 cur- 
rently recognized species. The majority of these are comparatively uniform 
but there are a number with distinctive features clearly meriting recognition 
at species group level. These include modifications of the fore- and midtarsi 
in farsalis (Delfinado and Hodges 1968: 372) and, to a less extent in a number 
of other species, thick tufts of hairs on 5 or more segments of male antenna 
in antennalis (Baisas and Ubaldo-Pagayon 1953: 115), suppression of blue 
scaling on occiput in aeneus, hybridus and nitidoventer, suppression of silver 
markings on one or more femora in aeneus and distigma and the enormously 
elongated pupal trumpets of an undescribed species near caeruleocephalus 
(first noted by Daniels 1908b: 266 and ascribed by him to that species). 
Edwards, ina marginal, longhand note on Daniels' paper, suggested that this 
was a misidentification of a species of Mimomyia which the pupa in question 
strikingly resembles. Recently, however, associated skins have become avail- 
able and these confirm Daniels' diagnosis. Further discussion of these and 
other potential species group characters would be beyond the scope of the pre- 
sent paper which is concerned only with the monotypic Mabinii Group. 


MABINII GROUP 


Baisas and Ubaldo-Pagayon (1953: 6) placed the only included species, 
mabinii, in subgenus Rachisoura in which it is still retained in the current 
World Catalog (Knight and Stone 1977: 320). Belkin (1962: 521) considered 
that it should be transferred from this subgenus and I fully agree. At the same 
time I cannot feel that the possession of enlarged larval maxillary "horns" is 
alone sufficient to justify the establishment of a new monotypic subgenus. 
Baisas and Ubaldo-Pagayon (1953: 26) note that 1 or 2 verticillary hairs on the 
first 2 flagellar segments of the male antenna are "distinctly longer and more 
stout than the others". Later (p. 61) they repeat this statement but name 
instead the 3rd and 4th flagellar segments. In fact there is a slight thickening 
of 1 or 2 of these hairs on all the first 4 segments. It is not very conspicuous 
but is interesting as recalling the more extensive modification of the verticil- 
lary hairs in one member of subgenus Tripteroides (antennalis), The modifica- 
tion of the male hindtarsus and foreclaw can also be matched in other species 
of that subgenus while agreement in all the subgeneric diagnostic characters is 
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close. Baisas and Ubaldo-Pagayon (1953: 6) note that the present species dif- 
fers from the Philippines Tripteroides s. str. in certain larval characters 
(tubercles of pleural setae sharp pointed, seta 7-T without basal arm, setae 2 
on abdominal segments with fused tubercles, seta 0 on abdomen minute, seta 
14 absent from abdominal segments other than VIII). Should these differences 
be confirmed in other larvae of the nominotypical subgenus, many of which are 
undescribed or inadequately described, the question might need to be recon- 
sidered but on present evidence I feel the treatment adopted here is to be pre- 
ferred. 


23. TRIPTEROIDES (TRIPTEROIDES) MABINIT 
BAISAS AND UBALDO-PAGAYON 
(Figs. 2, 3, 5, 49, 50) 


Tripteroides (Rachisoura) mabinii Baisas and Ubaldo-Pagayon 1953: 3. 
Tripteroides (Rachisaura) mabinii Baisas and Ubaldo-Pagayon 1953: 60. 


(lapsus). 


FEMALE. Not seen. The unique allotype was retained in the Division of 
Malaria, Manila and is believed lost. It was described by Baisas and Ubaldo- 
Pagayon (1953: 35, 61) who note the following differences from the male des- 
cribed below: Wing 4.5mm. Palps marginally longer relative to proboscis. 
Proboscis marginally shorter relative to forefemur. Torus rather smaller 
relative to clypeus, not darkened toward base. Antenna with third and fourth 
flagellar segments unmodified, verticils 8-9 in number on each segment as 
compared to 14-15 in the male. Median silvery spot on fore- and midfemora 
not fused with the basal silvery line, completely fused with, and indistinguish- 
able from, this line on the hindfemora. First hindtarsal segment equal in 
length to hindtibia. Bristles at base of first hindtarsal segment shorter and 
fewer. Claws paired and simple on all legs. Foreclaws slightly longer than 
midclaws. The latter approximately equal in length to the hindclaws. 

MALE (Figs. 2, 3, 5, 49). Wing 3.9mm. AHead (Fig. 2). Proboscis rela- 
tively long and slender, about 1.1 length of forefemur, much shorter than abdo- 
men. Palps about one-sixth length of the proboscis. Clypeus bare. Tori with 
minute, hairlike scales on inner surface. Antenna about 0.7 length of probos- 
cis. One or 2 verticillary hairs on third and fourth flagellar segments longer 
and stouter than the remainder. Eye margins with border of bright peacock 
blue iridescent scales. Remainder of occiput with bronzy scales showing 
deeper blue iridescence under appropriate illumination. Small patches of 
silvery scales below at sides. Quite numerous, relatively conspicuous, narrow 
black scales with expanded tips in a single row on nape. Two orbital bristles 
present well out on either side. Thovax. Scutum thickly covered with very 
narrow brown scales with bright pale gold reflection. Scutal integument mid- 
brown. One pair of prescutellar bristles present, no acrostichals or dorso- 
centrals. Scutellum with broad, flat, dark brown scales with bronzy reflec- 
tion. Postnotum dark brown, bare. Anterior pronotal lobes with broad, flat, 
dark brown scales. Posterior pronotum with a few minute, very narrow dark 
scales and some small, flat, inconspicuous brown scales above. A single 
small posterior pronotal bristle and 3 spiraculars present. Flat dark scales 
with brilliant silver reflection present on subspiracular area, about the upper 
two-thirds of the sternopleuron and the anterior portion of the mesepimeron. 
Paratergite bare. Two lower sternopleural bristles and 3 prealars present. 


82 Contrib. Amer. Ent. Inst., vol. 17, no. 5, 1981 


Legs. Forefemur with 2 conspicuous silver spots on lower anterior surface at 
about a half and four-fifths of the distance from base respectively, the former 
almost continuous with a narrow silvery basal line. Midfemur similar. Hind- 
femur with a similar subapical spot and a more or less uniform anteroventral 
silvery line on about the basal three-fifths. First hindtarsal with a conspicuous 
row of numerous long, flexible bristles at base. Claws (Fig. 3) paired on all 
legs. Foreclaws one very large, toothed, curved, the other smaller, simple, 
more or less straight, empodium unusually well developed. Midclaws simple, 
one shorter, stouter and more strongly curved than the other. Hindclaws 
simple, relatively straight, subequal. Wing. Both wings largely denuded. 
Outstanding scales moderately broad on veins Rg and Rg apparently narrow, 
linear elsewhere. Upper calypter with 3-5 hairlike scales. Upper fork cell 
about 1.1 length of its stem. Halter. Head dark except for a patch of dull 
silvery scales on upper surface. Abdomen (Fig. 5). Tergites dark above with 
blue iridescent reflection. Tergite I with small lateral silvery spots, II and 
III with silvery lateral patches continuous from base, spreading inward api- 
cally to form triangular spots, IV-VI with similar spots but these interrupted 
at base. Remaining segments dissected away with only the terminalia pre- 
served. Sternites largely denuded, the remaining scales pale yellow with 
bluish metallic reflection, the VIIth dark according to Baisas and Ubaldo- 
Pagayon. Terminalia (Fig. 49). Dististyle moderately long, swollen on the 
distal one-third. Basal lobe of basistyle with 4 setae markedly stouter than 
the remainder. Paraproct with 5-8 teeth, 2-3 of which have secondary denti- 
cles. Phallosome as figured, the ventral arm with 9-10 strongly recurved 
teeth. IXth tergite with the lobes relatively broad and closely approximated, 
each with 14-16 apical setae. 

PUPA (Fig. 49). As figured. Baisas and Ubaldo-Pagayon (1953: 63) give 
a few additional details as to variation in the allotype skin and 1 other whole 
pupa but nothing which appears to be taxonomically significant. 

LARVA (Fig. 50). As figured. Segments VII and VIII are badly distorted 
in the only available skin and can only be partly figured with any confidence. 
Baisas and Ubaldo-Pagayon were unable to add any information of value from 
the lost allotype skin. 

TYPE-DATA. Holotype male, No. P 1075-1, with tarsal claws, terminalia 
-and larval and pupal skins on slide. PHILIPPINES: Mindanao; Parang- 
Malabang Highway near Cotabato/Lanao boundary, 14.v.1946, J. W. Enke. 

DISTRIBUTION. Known only from the type-locality. 

TAXONOMIC DISCUSSION. See under Mabinii Group (p. 80). 

BIONOMICS. The type-series was bred from cut bamboo(s). 
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Tripteroides (Rachionotomyia) affinis - larva. 

Tripteroides (Rachionotomyia) dofleini - pupa and male terminalia. 
Tripteroides (Rachionotomyia) dofleini - larva. 

Tripteroides (Rachionotomyia) rozeboomi - male terminalia; avanoides and 
ceylonensis - pupal paddles. 


31. Tripteroides (Tricholeptomyia) apoensis - pupa and male terminalia. 
32. Tvripteroides (Tricholeptomyia) apoensis - larva. 
33. Tripteroides (Tricholeptomyia) barraudi - pupa and male terminalia. 
34, Tripteroides (Tricholeptomytia) barraudi - larva. 
35. Tripteroides (Tricholeptomyia) christophersi - pupa and male terminalia. 
36. Tripteroides (Tricholeptomyia) christophersi - larva. 
37. Tripteroides (Tricholeptomyia) microcala - pupa and male terminalia. 
38. Tripteroides (Tricholeptomyia) microcala - larva. 
39. Tvripteroides (Tricholeptomyia) nepenthicola - pupa and male terminalia. 
40. Tvripteroides (Tricholeptomyia) nepenthicola - larva. 
41. Tripteroides (Tricholeptomyia) roxasi - pupa and male terminalia. 
42. Tripteroides (Tricholeptomyia) roxasi - larva. 
43. Tripteroides (Tricholeptomyia) wernervi - pupa and male terminalia. 
44, Tripteroides (Tricholeptomyia) werneri - larva. 
45. Tripteroides (Tricholeptomyia) belkini - pupa and male terminalia. 
46. Tripteroides (Tricholeptomyia) belkini - larva. 
47. Tripteroides (Tricholeptomyia) delpilari - pupa and male terminalia. 
48, Tripteroides (Tricholeptomyia) delpilari - larva. 
49, Tripteroides (Tripteroides) mabinii - pupa and male terminalia. 
50. Tvripteroides (Tripteroides) mabinii - larva. 
FIGURE ABBREVIATIONS 
Female Terminalia Male Terminalia 
CERC = cercus BL = basal lobe of basistyle 
INS’ = insula DIST = dististyle 
IX-T = [Xth tergite IX-T = IXth tergite 
PGP = postgenital plate PH = phallosome 
PR = paraproct 
Pupa Larva 
C = cephalothorax A = antenna 
I-IX = abdominal segments I-IX C = head 
p = paddle CS = comb scale 
sp = spiracle I-VIII, X = abdominal segments 
J-VUE x 
M = mesothorax 
MP = mentum 
Pp = prothorax 
PAL = palatal setae 
PT = pecten tooth 
S = siphon 
T = metathorax 
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Tripteroides sp. no. 1 - larva. 
Tripteroides sp. no. 2 - larva, 
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APPENDIX: CURRENT TAXONOMIC CHANGES 


NEW TAXA 
SOOT IERIE. Sag ae ee Ee, Sa SE ew Oe es Whoo at ea ks 
BODE TRUIS aks NE ee RR Rae eu ek Se Se we on 
Oe TOs Woe bw a pe ees ae ee at ee ee ee ee ge 
i ow are Ae ead ek el UT a ee ecg MURS Oe tae iw Sg 
CHANGES IN TAXONOMIC STATUS 
ceyionensis, revalidated to specdic rank... 6 CR a ee 
Polylepidomyia, revalidated as subgenus. ........e2esee eee 
BeVV@ us, TAISEC GO SOCCH 1es VANE oe ask ae a fa hehe A ee are sae 
Bee cS, SRO 6 eR an ee ee eM OE as ee 
bewas. Pevardarec 10 Serie Tank bo. a PP SS sk ee ee 
Tricholeptomyia, revalidated as subgenus .........62eeee800-8 
LECTOTYPE SELECTIONS 
CON Pi ee ee We he Se ke FO ae er ama A 
PO hn Sa a” oe ae Gg WS WE OR ae eee Od ow ok Ronis dea 
OC ke ae a a ea Oe ae a ae ee i We eo at 
OPV a eek ee a eee aw eee Wes dk ey ee eae eee ae ae 
feed yw one rn rete ke we a Eee eae hae a ale oa 


NEW COMBINATIONS 


affinis, dofleini, edwardsi, nepenthis, rozeboomi from Tripteroides 

Be BER O i eC 0RelOre 6 ee ee ea Re ee ee ke a es 
apoensis, barvaudi, belkini, christophersi, delpilari, microcala, 
roxast, wernevifrom Tripteroides s. str. to Tricholeptomyia ..... 
mavinit [rom Rachisoure tO 1 yepreroides §. SUP. iw J ee ee bk es 
nepenthicola from Rachionotomyia to Tricholeptomyia.....+.-s+e- 
obscurus, subobscurus from Rachionotomyia to Rachisoura, ...... 


© po © DO 
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INDEX 


Valid names are in roman type, while synonyms, rejected names and non- 


valid combinations are italicized. 
ment of the species. 


Italicized pages designate the primary treat- 
The letter '"'k'' after a page number indicates a key. Num- 


bers in parentheses refer to figures for that species. 


Acallyntrum 6 

Aedes 40, 49 

aeneus 2, 18k, 19k, 79, 80 

affinis 2, 12, 16k-19k, 30-32, 35, 37, 
43-46, 47-50, 52, 144 (4, 7, 10, 
24, 25) 

Affinis Subgroup 15, 16k, 20; 37, 43 

alata (Nepenthes) 70 

albopictus (Aedes) 40, 49 

alboscutellatus 11 

Alocasia 7 

ampullaria (Nepenthes) 25, 37, 40, 43 

Anophelinae 5 

Anophelini 2 

antennalis 80 

apoensis 54, 55k, 56k, 57-59, 61, 
74, 144 (4, 7, 31, 32) 

aranoides 5, 12, l%k, 19k; 20-26, 
27-30, 32-38, 40, 43, 44, 51, 74 
(1-3, 6, 11-13, 28) 

avanoides avanoides 33 

aranoides serratus 32, 33 

avanoides var. serrata 32 

avanoides var. serratus 32 

aranoides complex 2, 5, 20, 24, 26, 
33, 36, 40, 48 

Aranoides Group 16k, 20, 43, 46 

Aranoides Subgroup 16k, 20, 37 

argenteiventris 10 

argyropus (Maorigoeldia) 12 

Armigeres 2 

arnoldii (Rafflesia) 36 

atripes 11 


bambusa 5, 8, 11, 12, 19k 

barraudi 13, 54, 55k, 56k, 57, 
59-61, 62, 63, 68, 74, 144 (2, 3, 
Ty O2y 28) 

belkini 55k, 56k, 57, 74-76, 144 
(2, 4, 7, 45, 46) 

Belkini Subgroup 74 

bimaculipes 12, 79 

bisquamatus 11 

brevirhynchus 14 

Bromelia 30 


caeruleocephala 10, 43 

caeruleocephalus 11, 14, 18k, 19k, 
80 

caledonicus 5, 11 

ceylonensis 4, 6, 10, 12, 15, 17k, 
19k, 20, 24, 26-30, 33, 46, 144 
(14, 15, 28) 

cheni 18k, 19k 

chloropus (Sabethes) 8, 12 

christophersi 54, 55k, 56k, 57, 
61-63, 77, 144 (3, 4, 8, 35, 36) 

circumcincta (Wyeomyia) 6 

coheni 14 

collessi 11 

Colocasia 7, 30 

Colonemyia 10 

compressum (Trichoprosopon) 11 

coonorensis 2, 16k, 18k, 19k, 20, 
30-32, 37, 43, 46, 48, 144 (3, 5, 
16, 17) 

Coquillettidia 6 

Cremastogaster 8 

Culex 6, 26, 29, 37, 49 

Culicidae 7 

Culicinae 5 

Culicini 2, 5, 6 

Culiseta 6 


delpilari 14, 54, 55k, 56k, 57, 65, 
66, 70, 76-78, 144 (4, 8, 47, 48) 

Delpilari Group 76 

denticulatus 18k, 19k, 80 

digitatum (Trichoprosopon) 6 

distigma 12, 79, 80 

Dodecamyia 67 

dofieini 2, 12, 13,18, 20k,.47%,. 19k, 
37, 43, 46-49, 144 (4, 8, 26, 27) 

dyari 17k, 19k, 52 


edwardsi 13, 15, 16k, 17, 18, 49-50, 
144 12. Oy Oy 8) 

Edwardsi Group 16k, 20, 43, 49 

eminentia (Culex) 37 

Eretmapodites 2 

Erythrina 29 
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Ficalbia 5, 33, 46 

Ficalbiini 5 

Filipes Group 13 

fitchii (Aedes) 40 

Jusead 10, 15,20, 22,°26; 33, 144 


gracilis (Nepenthes) 25, 37 
gymnamphora (Nepenthes) 36 


Heizmannia 49, 50 
holrungerii (Alocasia) 7 
Homalomena 7 

hybridus 2, 18k, 19k, 79, 80 


indicus 18k, 19k 

Ingramia 6 

inornata 10, 15, 20, 22, 24, 25 
intermediatus 17k, 18k 


jacobsoni (Malaya) 8 
Johnbelkinia 8 


knighti 11 


leei (Malaya) 7 
Limatus 6, 8 
littlechildi 79 
Lutzia 7 


mabinii 3s, 11, lik, 18k, 78, 80, 
81-82, 144 (2, 3, 5, 49, 50) 

Mabinii Group 14k, 17, 18, 80k, 
80-81, 82 

Malaya 6-8, 9k 

malayi 18k, 19k 

malvari 17k, 18k 

Mansonia 6 

Maorigoeldia 8, 9k, 12 

marksae 11 

melanesiensis 11 

mendacis 18k, 19k 

microcala 4, 11, 55k, 56k, 57, 61, 


63-67, 68, 70, 74, 78, 142°, 37, 


38) 
microcala complex 40 
Mimomyia 5, 6, 80 
monetifer 11, 17k, 19k, 49, 79 
mus 66-70 
Musa 7 


Nepenthes (genus) 7, 25, 36, 37, 40, 
43, 48, 70 
nepenthes 38 


nepenthicola 4, 11, 54, 55k, 56k, 57, 
61, 64-66, 67-70, 74, 78, 144 
(5, 39, 40) 

nepenthicola complex 40 

Nepenthicola Group 57, 74, 76 

Nepenthicola Subgroup 57 

nepenthis 14, 16k, 18k, 20k, 20, 37, 
38-40, 41-43, 74, 144 (3, 5, 9, 
10, 20,.21) 

nepenthisimilis 14, 16k, 18k, 20k, 
38, 40, 41-43, 46, 74, 144 (22, 
2a) 

Nepenthis Subgroup 15, 16, 20, 37 

nephenthicola 67 

nitidoventer 2, 17k, 19k, 79, 80 

Nitidoventer Group 14k, 17, 18, 79, 
80k, SO 


obscurus 3, 144 


philippinensis 10, 79 

Phoniomyia 8, 43 

plumosus 18k, 19k, 26, 37, 49 

Polylepidomyia 1, 3-5, 10, 11, 13k, 
14k, 37, 144 

powelli 18k, 19k 

proximus 18k, 19k 

Psorophora 6, 7 

purpuratus 10 


Rachionotomyia 1, 2-5, 10, 12, 13k, 
14k, 15-16, 16k-19k, 20, 26, 28, 
32, 33, 37, 38, 43, 49, 51, 52, 
57, 63, 67, 78, 79, 144 

Rachisaura 81 

Rachisoura 1-5, 10, 11, 13k, 14k, 
20, 80, 81, 144 

Rafflesia 36 

rafflesiana (Nepenthes) 25, 37, 40, 
43 ; 

rajah (Nepenthes) 52 

Ravenalites 6 

POs 41 DOK, 50K, 37, 61, 70-72, 73, 
74, 77, 78, 144 (3, 6, 9, 41, 42) 

rozepoomi «7; 2, ‘th, 15, 15, TK, 
ayy 10) 49, 50+51,°07;144 (3, 6, 
28) 

Runchomyia 8, 79 


Sabethes 6, 8, 12 
Sabethini 1, 2, 5-8, 50 
sanguinea (Nepenthes) 37 
scutellaris complex 40 
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serratus 16k, 17, 18, 20, 24, 32-33, 
144 (5) 

Shannonia 8 

Sheiromyia 33 

similis 18k, 19k 

simulatus 19k, 52 

singalesi 26, 29 

Skeiromyia 10, 15, 20, 22, 25, 33 

smithii (Wyeomyia) 6 

spathulirostris (Topomyia) 9 


Species no. 1 19k, 51-52, 54, 144 (29) 


Species no. 2 18k, 53-54, 144 (30) 
Squamomyia 10, 15, 20, 22, 25 
subobscurus 3, 144 

sullivanae 7, 14, 17k, 19k 


szechwanensis 4, 20, 22, 24, 25, 144 


tarealis 11, lik, 19k, 80 

tasmaniensis 11 

tenax 4, 17k, 19k, 20, 21, 24-27, 
33-37, 48, 74, 144 (18, 19) 

toffaletii 18k, 19k 

Topomyia 6,. T, 8, 9k 


Toxorhynchites 7, 12 

Toxorhynchitinae 5 

Tricholeptomyia 1, 2, 4, 5, 10, 11, 
12, 18k, 14k, 17, 54, 54k-56k, 
76, 78, 144 

Trichoprosopon 2, 6-8, 11 

Tripteroides (genus) 1-3, 6-8, 9k, 
10-12, 12k-14k, 43, 48, 83 

Tripteroides sen. str. 1-5, 10-12, 
12k-14k, 17, 18, 37, 43, 46, 49, 
51, 52, 81, 144 

Tripteroides (subgenus) 2, 17, 18, 
66, 79, 79k-80k 


Uranotaenia 6, 22 


vanleeuweni 3, 10 
Vanleeuweni Group 3, 13 
vicinus 18k, 19k 


werner: 05k, 56k, 57, 61, 72-4, 
78, 144 (6, 10, 43, 44) 
Wyeomyia 6, 8, 20, 22, 54, 67 
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